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(54) HARD MAGNETIC MATERIAL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a hard magnetic material, the cost of which is reduced and which 
has superior hard magnetic characteristics and superior temperature characteristic. 

SOLUTION: A hard magnetic material, which consists of an alloy containing one or more kinds of elements 
T in Fe, Co and Ni, elements R composed of one or more kinds in rare earth elements, and B in which 
absolute value of temperature coefficient of magnetization is 0.15%/K or less, at a time when the material 
is used on the condition that a permeance coefficient reaches 2 or more, coercive force reaches 1 kOe or 
more, and the absolute value of the temperature coefficient of the coercive force reaches 0.35%/K or less, 
is adopted. 
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CLAIMS 



[Claim(s)] 

[Claim 1] A hard magnetic material characterized by for absolute values of a temperature coefficient of 
magnetization when using it in a configuration from which it consists of an alloy containing one or more 
sorts of elements T of Fe. Co. and the nickel and elements R and B which consist of one or more sorts in 
rare earth elements, and a permeance coefficient becomes two or more being below 0.15% / K. and 
coercive force being 1 or more kOes. 

[Claim 2] A hard magnetic material characterized by for absolute values of a temperature coefficient of 
magnetization when using it in a configuration from which it consists of an alloy which contains a software 
magnetism phase of 1 or less kOe of coercive force or a semi- hard magnetism phase, and a hard 
magnetism phase of 1 or more kOes of coercive force more than lOvoKsXvolume) %, respectively, and a 
permeance coefficient becomes two or more being below 0.15% / K, and coercive force being 1 or more 
kOes. 

[Claim 3] A hard magnetic material characterized by for absolute values of a temperature coefficient of 
magnetization when using it in a configuration from which Curie temperature consists of an alloy with which 
a magnetic phase and Curie temperature of 600 degrees C or more contain a magnetic phase of 600 
degrees C or less more than 10vol(s)( volume) %. respectively, and a permeance coefficient becomes two or 
more being below 0.15% / K, and coercive force being 1 or more kOes. 

[Claim 4] A hard magnetic material characterized by consisting of an alloy containing one or more sorts of 
elements T of Fe. Co, and the nickel, and elements R and B which consist of one or more sorts in rare 
earth elements, for absolute values of a temperature coefficient of coercive force being below 0.35% / K, 
and coercive force being 1 or more kOes. 

[Claim 5] A hard magnetic material characterized by consisting of an alloy which contains a software 
magnetism phase of 1 or less kOe of coercive force, and a hard magnetism phase of 1 or more kOes of 
coercive force more than lOvoKsXvolume) %. respectively, for absolute values of a temperature coefficient 
of coercive force being below 0.35% / K, and coercive force being 1 or more kOes. 

[Claim 6] A hard magnetic material characterized by for Curie temperature consisting of an alloy with which 
a magnetic phase and Curie temperature of 600 degrees C or more contain a magnetic phase of 600 
degrees C or less more than 10vol(s)(vo!ume) %, respectively, for absolute values of a temperature 
coefficient of coercive force being below 0.35% / K. and coercive force being 1 or more kOes. 
[Claim 7] A hard magnetic material according to claim 1 to 6 characterized by including a fine crystalline 
phase of lOOnm or less of diameters of average crystal grain as a main phase. 

[Claim 8] A hard magnetic material according to claim 1 to 7 characterized by being the thing which comes 
to heat-treat an alloy which makes the main phase an amorphous phase which quenched an alloy molten 
metal and was obtained. 

[Claim 9] A hard magnetic material according to claim 1 to 8 characterized by an alloy which makes the 
main phase an amorphous phase which quenched an alloy molten metal and was obtained being the thing 
which it comes to heat-treat with the above programming rate by lOK/in a temperature requirement where 
a first phase of a crystalline substance phase deposits at least. 

[Claim 10] A hard magnetic material according to claim 1 to 9 characterized by an absolute value of a 
temperature coefficient of magnetization when using it in a configuration from which a permeance 



coefficient becomes two or more being as follows [ 0.10% / K ]. 

[Claim 11] A hard magnetic material according to claim 1 to 10 characterized by an absolute value of a 
temperature coefficient of magnetization when using it in a configuration from which a permeance 
coefficient becomes ten or more being as follows [ 0.08% / K ]. 

[Claim 12] A hard magnetic material according to claim 1 to 1 1 characterized by absolute values of a 
temperature coefficient of coercive force in a 100-degree C temperature requirement being below 0.30% / 
K from a room temperature. 

[Claim 13] A hard magnetic material according to claim 1 to 12 characterized by coercive force being the 
thing of 2 or more kOes. 

[Claim 14] A hard magnetic material according to claim 1 to 13 characterized by being [ of residual 
magnetization (Ir) to saturation magnetization (Is) ] 0.6 or more things comparatively (Ir/Is). 
{Claim 15] A hard magnetic rnaterial according to claini 1 to 14 which is expressed with the following 
empirical formula and characterized by residual magnetization (Ir) being the thing of 100 or more emu/g. 
While TxMyRzBw, however T express one or more sorts of elements among Fe, Co. and nickel, M 
expresses one or more sorts of elements among Zr, Nb, Ta, Hf, Ti, V, Mo, and W and R expresses one or 
more sorts of elements among rare earth elements x which shows a presentation ratio, and y. z and w are 
atomic %s, and are 50<=x. 0<=y<=15, 3<=z<=20, and 2<=w<=20. 

[Claim 16] X which shows a presentation ratio in said empirical formula, and y. z and w are a hard magnetic 
material according to claim 15 characterized by being atomic % and being 80<=x<=93, 1<=y<=5, 3<=z<=10, 
and 3<=w<=7. 

[Claim 1 7] X which shows a presentation ratio in said empirical formula, and y, z and w are a hard magnetic 
material according to claim 15 characterized by being atomic % and being 86<=x<=93, 1<=y<=3, 3<=z<=7, 
and 3<=w<=5. 

[Claim 1 8] x which shows a presentation ratio in said empirical formula, and y, z and w are a hard magnetic 
material according to claim 15 characterized by being atomic % and being x=100-y-z-w. 1<=y<=3, 3<=z<=7, 
and 3<=w<=5. 

[Claim 19] A hard magnetic material according to claim 1 to 14 characterized by what is expressed with the 
following empirical formula. 

TxMyRzBwEv. however T express one or more sorts of elements among Fe. Co. and nickel. M expresses 
one or more sorts of elements among Zr, Nb, Ta, Hf, Ti, V. Mo, and W. While R expresses one or more sorts 
of elements among rare earth elements and E expresses one or more sorts of elements among Cr, 
aluminum, Pt. Ru, Rh, Pd, Os, Ir. Cu, Ag, Au, Ga. and germanium x which shows a presentation ratio, and y, z. 
w and V are atomic %s, and are 50<=x. 0<=y<=15. 3<=z<=20. 2<=w<=20. and 0<=v<=10. 
[Claim 20] x which shows a presentation ratio in said empirical formula, and y, z, w and v are a hard 
magnetic material according to claim 19 characterized by being atomic % and being 80<=x<=93, 1<=y<=5. 
3<=z<=10, 3<=w<=7. and 0<=v<=5. 

[Claim 21] X which shows a presentation ratio in said empirical formula, and y, z. w and v are a hard 
magnetic material according to claim 19 characterized by being atomic % and being x=100-y-z-w-v. 
1 <=y<=3. 3<=z<=7, 3<=w<=5. and 0.1 <=v<=5. 

[Claim 22] x which shows a presentation ratio in said empirical formula, and y. z, w and v are a hard 
magnetic material according to claim 1 9 characterized by being atomic % and being 86<=x<=93, 1 <=y<=3. 
3<=z<=7. 3<=w<=5, and 0.1 <=v<=5. 

[Claim 23] A hard magnetic material characterized by coming to carry out 0.5- pentatomic % addition of the 
Si in T element substitute in a hard magnetic material according to claim 1 to 22. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the hard magnetic material in 
which was excellent in the magnetic engine performance which can be used for a magnetic type encoder, a 
potentiometer, a sensor, a motor, an actuator, a loudspeaker, etc.. and the temperature characteristic was 
moreover excellent. 
[0002] 

[Description of the Prior Art] As a hard magnetic material which generally has the engine performance 
superior to a ferrite magnet or an ainico magnet (A1-nickel-Co-Fe system magnet), the Sm-Co system 
magnet, the Nd-Fe-B system magnet, etc. are known, and also many researches of an alloy magnet with a 
new Sm-Fe-N system magnet etc. are also made aiming at the high engine performance. 
[0003] 

[Problem(s) to be Solved by the Invention] However, these hard magnetic materials had the technical 
problem that a manufacturing cost will become high rather than a ferrite magnet or an ainico magnet since 
there is much amount of the expensive rare earth elements used, including Nd more than 10 atom %. or Sm 
more than 8 atom %. Moreover, since a Nd-Fe-B system magnet had a large change of the magnetic 
properties by temperature, it had the technical problem that it could not be used as a component of a 
sensor. Moreover, although the Sm-Co system magnet was a magnet with the small absolute value of the 
temperature coefficient of magnetization, since it was a magnet more expensive than a Nd-Fe-B system 
magnet, the range which can be used was restricted. On the other hand, although the manufacturing cost 
was low compared with the magnet with which a ferrite magnet contains rare earth elements as mentioned 
above, since the absolute value of the temperature coefficient of magnetization was large, the technical 
problem that it could not be used as a component of a sensor occurred. Moreover, the absolute value of 
the ainico magnet (A1-nickel-Co-Fe system magnet) of the temperature coefficient of magnetization was 
small, and although the manufacturing cost was low. since coercive force was small, it was difficult [ ainico 
magnet ] to use. For this reason, it had ********** more than a ferrite magnet at least by low cost, and an 
appearance of the hard magnetic material in which the temperature characteristic was further excellent 
was desired. 

[0004] Then, invention-in-this-application persons are performing patent application in Japanese Patent 
Application No. No. 68822 [ eight to ]. Japanese Patent Application No. 8-242356. etc.. in order to obtain 
the hard magnetic material which shows high ********** by low cost. The element M which according to 
the technology indicated by such patent application uses Fe as a principal component and consists of one 
sort or two sorts or more in Zr. Nb. Ta, Hf. Ti, V. Mo. and W After producing the amorphous alloy containing 
the elements R and B which consist of one sort in rare earth elements, or two sorts or more using a melt 
quenching method, this amorphous alloy is heat-treated at 600-900 degrees C. By depositing the fine 
crystal phase of lOOnm or less of diameters of average crystal grain which make a subject Fe of bcc. and 
the compound of Fe-B and/or R2Fe 14B1 The hard magnetic material 170 - 300 kA/m and the maximum 
magnetic energy product ((BH) max) indicate [ residual magnetization (Ir) / 0.8-1 .3T, and coercive force 
(iHc) ] the comparatively high ********** of 60 - 110 kJ/m3 to be can be manufactured. By the radical of 
research of the above alloys, invention-in-this-application persons were low cost, in order to manufacture 



the hard magnetic material in which ********** was excellent in and the temperature characteristic was 
moreover excellent, as a result of repeating various examination and experiments, discovered that a 
permeance coefficient (p) and the temperature coefficient of magnetization had correlation, and reached 
this invention. 

[0005] This invention was made in view of the above-mentioned situation, is low cost and aims at offering 
the hard magnetic material in which ********** was excellent in and the temperature characteristic was 
moreover excellent. 
[0006] 

[Means for Solving the Problem] The following configurations were used for this invention in order to solve 
an above-mentioned technical problem. Absolute values of a temperature coefficient of magnetization 
when using it in a configuration from which it consists of an alloy containing one or more sorts of elements 
T of Fe, Co, and the nickel and the elements R and B which consist of one or more sorts in rare earth 
elements, and a permeance coefficient becomes two or more are below 0.15% / K, and a hard magnetic 
material of this invention is characterized by coercive force being 1 or more kOes. Moreover, absolute 
values of a temperature coefficient of magnetization when using it in a configuration from which it consists 
of an alloy which contains a software magnetism phase of 1 or less kOe of coercive force or a semi- hard 
magnetism phase, and a hard magnetism phase of 1 or more kOes of coercive force more than 
lOvoKsXvolume) %. respectively, and a permeance coefficient becomes two or more are below 0.15% / K, 
and a hard magnetic material of this invention is characterized by coercive force being 1 or more kOes. 
Furthermore, absolute values of a temperature coefficient of magnetization when using it in a configuration 
from which Curie temperature consists of an alloy with which a magnetic phase and Curie temperature of 
600 degrees C or more contain a magnetic phase of 600 degrees C or less more than 10vol(s)(volume) %, 
respectively, and a permeance coefficient becomes two or more are below 0.15% / K, and a hard magnetic 
material of this invention is characterized by coercive force being 1 or more kOes, 

[0007] It consists of an alloy which contains one or more sorts of elements T, and the elements R and B 
which consist of one or more sorts in rare earth elements among Fe. Co, and nickel, absolute values of a 
temperature coefficient of coercive force are below 0.35% / K, and a hard magnetic material of this 
invention is characterized by coercive force being 1 or more kOes. Moreover, it consists of an alloy which 
contains a software magnetism phase of 1 or less kOe of coercive force, and a hard magnetism phase of 1 
or more kOes of coercive force more than 10vol(s)(volume) %. respectively, absolute values of a 
temperature coefficient of coercive force are below 0.35% / K, and a hard magnetic material of this 
invention is characterized by coercive force being 1 or more kOes. Furthermore, Curie temperature 
consists of an alloy with which a magnetic phase and Curie temperature of 600 degrees C or more contain 
a magnetic phase of 600 degrees C or less more than 10vol(s)(volume) %, respectively, absolute values of a 
temperature coefficient of coercive force are below 0.35% / K. and a hard magnetic material of this 
invention is characterized by coercive force being 1 or more kOes. 

[0008] A hard magnetic material of this invention is a hard magnetic material of a publication previously, 
and is characterized by including a fine crystalline phase of lOOnm or less of diameters of average crystal 
grain as a main phase. Moreover, a hard magnetic material of this invention is a hard magnetic material of a 
publication previously, and is characterized by being the thing which comes to heat-treat an alloy which 
makes the main phase an amorphous phase which quenched an alloy molten metal and was obtained. 
Furthermore, a hard magnetic material of this invention is a hard magnetic material of a publication 
previously, and is characterized by an alloy which makes the main phase an amorphous phase which 
quenched an alloy molten metal and was obtained being the thing which it comes to heat-treat with the 
above programming rate by lOK/in a temperature requirement where a first phase of a crystalline 
substance phase deposits at least. 

[0009] A hard magnetic material of this invention is a hard magnetic material of a publication previously, 
and is characterized by an absolute value of a temperature coefficient of magnetization when using it in a 
configuration from which a permeance coefficient becomes two or more being as follows [ 0.10% / K ]. 
Moreover, a hard magnetic material of this invention is a hard magnetic material of a publication previously. 



and is characterized by an absolute value of a temperature coefficient of magnetization when using it in a 
-configuration from which a permeance coefficient becomes ten or more being as follows [ 0.08% / K ]. 
Moreover, a hard magnetic material of this invention is a hard magnetic material of a publication previously. 
It is characterized by absolute values of a temperature coefficient of coercive force in a 100-degree C 
temperature requirement being below 0.30% / K from a room temperature. Furthermore, a hard magnetic 
material of this invention is a hard magnetic material of a publication previously, and is characterized by 
coercive force being the thing of 2 or more kOes. Furthermore, a hard magnetic material of this invention is 
a hard magnetic material of a publication previously, and is characterized by being [ of residual 
magnetization (Ir) to saturation magnetization (Is) ] 0.6 or more things comparatively (Ir/Is) again. 
[0010] A hard magnetic material of this invention is a hard magnetic material of a publication previously, 
has the following empirical formula and is characterized by residual magnetization (Ir) being the thing of 100 
or more emu/g. 

While TxMyRzBw. however T express one or more sorts of elements among Fe, Co. and nickel. M 
expresses one or more sorts of elements among Zr, Nb. Ta. Hf. Ti. V. Mo. and W and R expresses one or 
more sorts of elements among rare earth elements x which shows a presentation ratio, and y. z and w are 
atomic %s, and are 50<=x. 0<=y<=15. 3<=z<=20. and 2<=w<=20. 

[0011] Furthermore, it is desirable that it is x=100-y-z-w, 1<=y<=5. 3<=z<=10. and 3<=w<=7 at x which 
shows a presentation ratio in the above-mentioned empirical formula, y. z and w, and ****** %, and it is 
still more desirable in the presentation range x of Element T being 80<=x<=93. Furthermore, x which shows 
a presentation ratio in the above-mentioned empirical formula, and y. z and w are atomic %s. and it is 
desirable that it is x=100-y-z-w. 1<=y<=3, 3<=z<=7, and 3<=w<=5 again. 

[0012] Moreover, a hard magnetic material of this invention is a hard magnetic material of a publication 
previously, and is characterized by being what has the following empirical formula. 

TxMyRzBwEv. however T express one or more sorts of elements among Fe. Co, and nickel. M expresses 
one or more sorts of elements among Zr, Nb, Ta. Hf. Ti. V. Mo. and W. While R expresses one or more sorts 
of elements among rare earth elements and E expresses one or more sorts of elements among Cr, 
aluminum. Pt. Ru. Rh. Pd. Os. Ir. Cu. Ag. Au. Ga. and germanium x which shows a presentation ratio, and y. z. 
w and V are atomic %s, and are 50<=x. 0<=y<=15. 3<=z<=20. 2<=w<=20. and 0<=v<=10. 

[0013] Furthermore, x which shows a presentation ratio in the above-mentioned empirical formula, and y, z, 
w and V are atomic %s. and it is desirable that it is 80<=x<=93. 1<=y<=5. 3<=z<=10. 3<=w<=7. and 0<=v<=5. 
Furthermore, it is more desirable that x which shows a presentation ratio in the above-mentioned empirical 
formula, and y. z. w and v are atomic %s, and it is x=100-y-z-w-v. 1<=y<=3. 3<=z<=7. 3<=w<=5, and 
0.1<=v<=5 again, and it is still more desirable when the presentation range x of Element T sets to 
86<=x<=93. Moreover, if 0.5- pentatomic % addition of Si is done in T element substitute, since ********** 
of a hard magnetic material concerning this invention will improve, it is more desirable. 
[0014] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained in detail. 
The absolute values of the temperature coefficient of the magnetization when using it in the configuration 
from which the hard magnetic material of this invention consists of an alloy which contains one or more 
sorts of elements T and the elements R and B which consist of one or more sorts in rare earth elements 
among Fe. Co. and nickel, and a permeance coefficient becomes two or more are below 0.15% / K. and 
coercive force is 1 or more kOes. Moreover, the hard magnetic material of this invention consists of an 
alloy which contains one or more sorts of elements T. and the elements R and B which consist of one or 
more sorts in rare earth elements among Fe. Co, and nickel, the absolute values of the temperature 
coefficient of coercive force are below 0.35% / K, and coercive force is 1 or more kOes. 
[0015] The property of a magnet material is expressed by the portion of the 2nd quadrant of a hysteresis 
curve, i.e., a demagnetization curve. Since the magnet material after magnetization is the magnetic field of 
the reverse sense which own residual magnetization builds, and under an anti-magnetic field, the operating 
point (the flux density (B) and the demagnetizing field (H) of a material) is given by one point p on a 
demagnetization curve. The line (OP) between a permeance coefficient (p), and p and Zero O is called a 



permeance line for the value (non-dimensionality) of B/mu OH here. If this permeance coefficient (p) or a 
permeance line becomes small if magnetization lay length becomes short depending on a magnetic 
configuration, and it becomes long, it becomes large, and the thing of p= 1.5 is a disc form, for example, the 
thing of p= 10 is a prism form. Between a permeance coefficient (p) and a demagnetization factor (N). it is 
the following type (1). 
p=(1-N)/N ...(1) 

It comes out and there is relation shown. Therefore, if the configurations of a demagnetization curve and a 
magnet material are given, the operating point (B. H) will be determined. The energy (U) of a static 
magnetic field which the magnet material builds outside is the following type (2). 
U=BHV/2 ... (2) 

( — V is given by volume) of a magnetic material among a formula. If the configuration of a magnet material 
changes, since an anti-magnetic field, i.e., a permeance line, will change, the operating point p changes and 
the value of Above U changes. The value of U serves as max in a certain operating point pm the middle, 
and the product of (BH) at that time is the maximum magnetic energy product ((BH) max). 
[0016] In order to prevent that originate in a temperature change and a drift arises in an output when using 
the hard magnetic material concerning this invention for a sensor etc.. it is desirable to use the thing, i.e.. 
what, has the small absolute value of the temperature coefficient of magnetization and in which the 
temperature characteristic is excellent, and below 0.15% / K, since the absolute value of the temperature 
coefficient of the magnetization when using it in the configuration from which a permeance coefficient 
becomes two or more as mentioned above is small, it can use the hard magnetic material of this invention 
for a sensor etc. Moreover, when a value with a small permeance coefficient, for example, a permeance 
coefficient, uses the hard magnetic material concerning this invention in two or less configuration, it is set. 
Since the ********** of a hard magnetic material is influenced by the temperature coefficient of coercive 
force rather than the temperature coefficient of magnetization, it is desirable to use what has the small 
temperature coefficient of coercive force. The hard magnetic material of this invention As mentioned above, 
below 0.35% / K, with 0.30% / K. since the absolute value of the temperature coefficient of coercive force 
is small, it can use it for a small sensor etc. especially in the temperature requirement in which it is room 
temperature -100 degree C. Moreover, as for the hard magnetic material of this invention, what the 
absolute value of the temperature coefficient of the magnetization when using it in a configuration from 
which a permeance coefficient becomes two or more becomes below 0.10% / K is more desirable at the 
point that the temperature characteristic is more excellent. Furthermore, as for the hard magnetic material 
of this invention, it is more desirable to use it in a configuration from which a permeance coefficient 
becomes ten or more at the point that the absolute value of the temperature coefficient of magnetization, 
is more excellent in the temperature characteristic below 0.08% / K. 

[0017] Below 0.15% / K. the absolute value of the temperature coefficient of the magnetization when using 
the hard magnetic material of this invention in the configuration from which a permeance coefficient 
becomes two or more is more preferably equivalent to below 0.10% / K, and a conventional-type Nd-Fe-B 
system magnet, or can realize a thing smaller than it. Furthermore, the hard magnetic material of this 
invention is cheaper than the Sm-Co system magnet with which the temperature characteristic is used as 
a good thing from the former greatly [ coercive force (iHc) ] from the ainico magnet. Moreover, the 
absolute value of the temperature coefficient of magnetization when the absolute value of the temperature 
coefficient of the magnetization when using the magnet of the conventional Nd-Fe-B system in the 
configuration from which a permeance coefficient becomes ten or more uses [ a permeance coefficient ] 
the hard magnetic material of this invention to 0.11 - 0.15% / K in the configuration which becomes ten or 
more can realize below 0.08% / K. and a small thing. Furthermore, as for the hard magnetic material of this 
invention, the absolute value of the temperature coefficient of coercive force can realize a small thing 
below 0.35% / K to the absolute values of the temperature coefficient of the coercive force of the magnet 
of the conventional Nd-Fe-B system being 0.35 - 0.4%/K. Especially, the absolute value of the temperature 
coefficient of the coercive force in a room temperature -100 degree C temperature requirement can be 
made small below 0.30% / K. Especially the hard magnetic material of this invention can realize suitably the 



hard magnetic material excellent in the temperature characteristic by Co being made to be contained in 0.5 
- - pentatomic % addition or T element in T element substitute 0.5 to 20% about Si so that it may mention 
later. 

[0018] Moreover, the coercive force (iHc) of the hard magnetic material of this invention may be the thing 
of 1 or more kOes more than lOvoKsXvolume) %. including respectively the software magnetism phase of 1 
or less kOe of coercive force or a semi- hard magnetism phase, and the hard magnetism phase of 1 or 
more kOes of coercive force. Thus, when the software magnetism phase of 1 or less kOe of coercive force 
or the semi- hard magnetism phase, and the hard magnetism phase of 1 or more kOes of coercive force 
are included in the above-mentioned range, it is desirable at the point which can be equipped with each 
property of a software magnetism phase and a hard magnetism phase. Since Nd required for a hard 
magnetism phase etc. increases that the software magnetism phase of 1 or less kOe of coercive force or a 
semi- hard magnetism phase is under 10vol(s)(yolume) % and residual magnetization (Ir) falls, it is not : 
desirable. Moreover, since coercive force (iHc) becomes it low that the hard magnetism phase of 1 or more 
kOes of coercive force is under lOvol(sXvolume) %, it is not desirable. The content with desirable software 
magnetism phase of 1 or less kOe of coercive force or semi- hard magnetism phase is 20-60vol(volume) %, 
and the content with the desirable hard magnetism phase of 1 or more kOes of coercive force is 40- 
SOvoKvolume) %. 

[0019] Furthermore, the absolute values of the temperature coefficient of coercive force may be below 
0.35% / K more than 10vol(s)( volume) %. including respectively the software magnetism phase of 1 or less 
kOe of coercive force, and the hard magnetism phase of 1 or more kOes of coercive force, and the 
coercive force of the hard magnetic material of this invention may be the thing of 1 or more kOes. Thus, if 
the software magnetism phase of 1 or less kOe of coercive force and the hard magnetism phase of 1 or 
more kOes of coercive force are included in the above-mentioned range, it can have each property of a 
software magnetism phase and a hard magnetism phase like ****. 

[0020] Moreover, coercive force may be the thing of 1 or more kOes. including respectively the magnetic 
phase of 600 degrees C or less more than 10vol(s)( volume) %, and the hard magnetic material of this 
invention has [ the magnetic phase and Curie temperature of 600 degrees C or more ] a Curie temperature 
desirable at the point that Curie temperature can have each property of a software magnetism phase and a 
hard magnetism phase if the magnetic phase and Curie temperature of 600 degrees C or more contain the 
magnetic phase of 600 degrees C or less in the above-mentioned range, in this way. Since the Curie 
temperature of a bcc-Fe phase is near 770 degree C and the Curie temperature of R2Fe14 B phase is near 
315 degree C, in order for it to have two phases of the software magnetism phase and hard magnetism 
phase to which the hard magnetic material of this invention participates in magnetization and which are a 
phase, the magnetic phase and Curie temperature of 600 degrees C or more need to contain [ Curie 
temperature ] the magnetic phase of 600 degrees C or less. Since the temperature change of the 
magnetization when using that it is under 1 0vol(s)( volume) % by the comparatively high permeance becomes 
large, the magnetic phase of 600 degrees C or more does not have a desirable Curie temperature. 
Moreover, since a hard magnetism phase decreases that Curie temperature is [ the magnetic phase of 600 
degrees C or less ] under 10vol(s)( volume) %. coercive force (iHc) becomes low and is not desirable. The 
Curie temperature of a desirable content with a magnetic phase of 600 degrees C or more is 20- 
60vol(volume) %, and the Curie temperature of a desirable content with a magnetic phase of 600 degrees C 
or less is 40-80vol(volume) %. 

[0021] Moreover, the hard magnetic material of this invention contains the fine crystalline phase of lOOnm 
or less of diameters of average crystal grain as a subject, and the bcc-Fe phase of lOOnm or less of 
diameters of average crystal grain and the R2Fe14 B phase of lOOnm or less of diameters of average 
crystal grain deposit in this fine crystalline phase. Furthermore, the hard magnetic material of this invention 
forms the nano diplophase organization of the above-mentioned bcc-Fe phase, the fine crystalline phase of 
R2Fe14 B phase, and the amorphous phase that remained. Moreover, you may come to heat-treat the alloy 
which makes the main phase the amorphous phase obtained when the hard magnetic material of this 
invention quenched the alloy molten metal of the above-mentioned configuration. It is desirable that the 



alloy which makes the main phase the amorphous phase which quenched the alloy molten metal of the 
above-mentioned configuration, and was obtained especially is the thing which it comes to heat-treat with 
the above programming rate by lOK/in the temperature requirement where the first phase of a crystalline 
substance phase deposits at least at the point which makes fine mean particle diameter of a bcc-Fe phase, 
and raises **********. Many of hard magnetic materials of this invention are the so-called first phases in 
which a bcc-Fe phase, Fe3 B phase, or Fe2B phase deposits by heat treatment earlier than other phases 
(R2Fe14 B phase). 

[0022] Furthermore, as for the hard magnetic material concerning this invention, it is desirable that 
coercive force (iHc) is the thing of 2 or more kOes. Moreover, as for the hard magnetic material concerning 
this invention, it is desirable that they are [ of the residual magnetization (Ir) to saturation magnetization 
(Is) ] 0.6 or more things comparatively (Ir/Is). Here, the value of the magnetization which is obtained when 
saturation magnetization (Is) applies the magnetic field of 15 or more kOes to a sample in this invention 
and which was saturated mostly is meant. Control of the diameter of average crystal grain of the 
crystalline substance phase in the above hard magnetic materials and the concentration of each atom in 
each phase is realizable by controlling the heat treatment conditions at the time of heat-treating the alloy 
which makes an amorphous substance the main phase, and obtaining a hard magnetic material. Heat 
treatment conditions are a programming rate, heat treatment temperature (annealing temperature), its 
holding time, etc. 

[0023] The hard magnetic material concerning this invention can be expressed with the following empirical 
formulas. 

Although T in the TxMyRzBw above-mentioned empirical formula is the remainder which deducted the 
content of Elements M. R, and B from the whole fundamentally, it expresses one or more sorts of elements 
among Fe, Co. and nickel. Since these elements T are the principal components of the hard magnetic 
material concerning this invention and it is the element which bears magnetism, the presentation ratio x of 
Element T is more than 50 atom %. If the presentation ratio x of Element T is made to increase, saturation 
magnetization (Is) will increase in connection with it. In order to realize high residual magnetization (Ir) of 
100 or more emu/g. 130 emu/g at least needs saturation magnetization (Is), for filling this, as for the 
presentation ratio x of Element T. it is desirable that it is more than 80 atom %, and it is more desirable 
that it is more than 86 atom %. Moreover, in order to obtain good **********, it is desirable to carry out to 
below 93 atom %. In the hard magnetic material of this invention, it is required to contain Fe as some 
elements [ at least ] T. 

[0024] M in the above-mentioned empirical formula expresses one or more sorts of elements among Zr, Nb, 
Ta. Hf. Ti. V. Mo. and W. and these elements M have high amorphous organization potency. In the hard 
magnetic material concerning this invention, by adding Element M, even when Element R (rare earth 
elements) is low concentration, an amorphous phase can be formed. If the presentation ratio y of Element 
M is made to increase in element R substitute, although residual magnetization (Ir) increases in connection 
with it. coercive force (iHc) will decline and it will change from ********** to soft magnetic characteristics. 
Moreover, if Element M is made to increase in the element T substitute which bears magnetism, reduction 
of saturation magnetization (Is) and residual magnetization (Ir) will arise. Therefore, in order to obtain good 
5|c*********^ as for the presentation ratio y of Element M, it is desirable to consider as the range below 15 
atom % more than 0 atom %. and it is more desirable that it is a range below pentatomic % more than 1 
atom %. Moreover, it is still more desirable when it carries out to below 3 atom % more than 1 atom %. 
[0025] R in the above-mentioned empirical formula expresses one or more sorts of elements of the rare 
earth elements (So, Y. La. Ce. Pr, Nd. Pm. Sm, Eu. Gd, Tb. Dy. Ho. Er. Tm, Yb. and Lu). Intermetallic- 
compound R2Fe14B which deposits when the alloy which makes the main phase the amorphous substance 
containing Element R, and Fe and B is heated at a suitable temperature of the range of 873-1 173K (600- 
900 degrees C) gives ********** excellent in the hard magnetic material of this invention. If the 
presentation ratio z of Element R is made to increase, saturation magnetization (Ir) will decrease in 
connection with it. In order to obtain the high residual magnetization (Ir) of 100 or more emu/g. 130 emu/g 
at least needs saturation magnetization (Is), and in order to fill this, as for the presentation ratio z of 



Element R, it is desirable that it is below 20 atom %. Moreover. Element R is an element which is easy to 
form an amorphous substance, and in order for carrying out to more than 3 atom % as a presentation ratio 
z of Element R since a good amorphous phase or a fine crystal phase cannot be obtained if the 
presentation ratio z of Element R is too small to reconcile desirable and high saturation magnetization (Ir) 
and coercive force (iHc). it is good [ Element ] to carry out to below 7 atom % still more preferably below 
10 atom %. If some or all of Element R is furthermore constituted from Nd and/or Pr. still higher 
********** v^jii be obtained. 

[0026] B in the above-mentioned empirical formula is an element which is easy to form an amorphous 
substance. Moreover, compound R2Fe14B which deposits when the amorphous phase containing Element R. 
and Fe and B is heat-treated at a suitable temperature of the range of 873-1 173K (600-900 degrees C) 
gives ********** to the hard magnetic material of this invention. In order to obtain a good amorphous 
phase or a fine crystalline phase, it is desirable to carry out concentration of B to more than 2 atom %, but 
since saturation magnetization (Is), residual magnetization (Ir), and coercive force (iHc) decrease with the 
increment in the presentation ratio w of B. in order to obtain good **********. it is desirable to make the 
presentation ratio w of B below into pentatomic % still more preferably below 7 atom % more preferably 
below 20 atom %. 

[0027] Moreover, one or more sorts of elements E may be added by the hard magnetic material of this 
invention among Cr, aluminum. Pt. Ru. Rh. Pd, Os. Ir. Cu. Ag. Au, Ga, and germanium, and the hard magnetic 
material in that case can be expressed with the following empirical formula to it. 
TxMyRzBwEv — the presentation ratio x of the element T which bears the magnetism in this case, 
although it is the remainder which deducted the content of Elements M, R, B. and E from the whole 
fundamentally It is a range below 93 atom % more than 80 atom % more preferably more than 50 atom % 
from the point to which saturation magnetization (Is) is made to increase. In order to realize coexistence of 
the high residual magnetization (Ir) of 100 or more emu/g, and high coercive force (iHc), it is desirable to 
consider as the range below 93 atom % more than 86 atom %. More than 0 atom %. below 1 5 atom %, more 
preferably, in order to realize high residual magnetization (Ir) of 100 or more emu/g. it is preferably [ in 
order to obtain good ********** ] desirable [ the ratio / the presentation ratio y of the element M in the 
above-mentioned empirical formula is a range below pentatomic % more than 1 atom %. and ] to consider as 
the range below 3 atom % more than 1 atom %. In addition, in order to obtain higher residual magnetization 
(Ir), it is good also as below 1 atom % more than 0.5 atom % in a presentation ratio. 
[0028] More than 3 atom %, below 20 atom %. more preferably, in order to realize high residual 
magnetization (Ir) of 100 or more emu/g, it is preferably [ in order to obtain an amorphous phase good in 
order to give ********** excellent in the hard magnetic material of this invention, or a fine crystalline 
phase ] desirable [ the ratio / the presentation ratio z of the element R in the above-mentioned empirical 
formula is a range below 10 atom % more than 3 atom %, and ] to consider as 7% or less of range more than 
3 atom %. In order to obtain a good amorphous phase or a fine crystalline phase, as for the presentation 
ratio w of B in the above-mentioned empirical formula, it is desirable to carry out to more than 2 atom %. 
but in order to obtain good **********, it is desirable to make the presentation ratio w of B below into 
pentatomic % still more preferably below 7 atom % more preferably below 20 atom %. The corrosion 
resistance of a hard magnetic material can promote improvement or detailed-ization of the crystalline 
structure by adding Element E. Therefore, as for the presentation ratio v of Element E, it is desirable that it 
is more than 0.1 atom %. However, since ********** will deteriorate if the presentation ratio v of Element 
E is too high, the presentation ratio v of Element E is more preferably made below into pentatomic % below 
10 atom %. Moreover, it is more desirable not to add Element E, in order to attain the high residual 
magnetization (Ir) of 100 or more emu/g. 

[0029] In the hard magnetic material of this invention, if Co is made to be contained in Element T in 
addition to Fe. it is desirable at the point which can make small the absolute value of the temperature 
coefficient of the magnetization when using it in the absolute value of the temperature coefficient of the 
magnetization when using it in the configuration from which a permeance coefficient becomes two or more, 
and the configuration from which a permeance coefficient becomes ten or more, and the absolute value of 



the temperature coefficient of coercive force. It is because the temperature change of magnetic properties 
becomes small, this Co is further contained also in a bcc-Fe phase, so the temperature change of residual 
magnetization becomes small since Curie temperature will rise if Co is contained in Element T, 
magnetization and the temperature change of coercive force become small and. as for that reason, the 
square shape ratio of magnetization becomes high. It is preferably [ more ] desirable [ contents ], since too 
many contents of Co will degrade magnetic properties if there are preferably to consider as the range 
below 20 atom % more than 0.5 atom % still more preferably, and to set up suitably according to a 
presentation, heat treatment conditions, etc. of an alloy below 30 atom % more than 0.5 atom % below 50 
atom %. 

[0030] Moreover, in the hard magnetic material of this invention, if Si is added in element T substitute, the 
absolute value of the temperature coefficient of the magnetization when using it in the absolute value of 
the tennperature coefficient of the magnetization when using it in the configuration from which magnetic 
properties especially coercive force (iHc), and the maximum magnetic energy product ((BH) max) can be 
further raised, and a permeance coefficient becomes two or more, and the configuration from which a 
permeance coefficient becomes ten or more especially can be made low. Since the presentation ratio of 
Element T becomes low and the magnetic properties of a hard magnetic material will fall on the contrary if 
many [ too ], as for the addition of Si. it is preferably desirable to consider as the range below 3 atom % 
more than 0.5 atom % more preferably, and to set up suitably according to a presentation, heat treatment 
conditions, etc. of an alloy below pentatomic % more than 0.5 atom %. Thus, especially the hard magnetic 
material by which coercive force (iHc) and the temperature characteristic have been improved is suitably 
used as the magnet for small motors, and a sensor. 

[0031] Next, the hard magnetic material concerning this invention can be manufactured as follows. The 
method by the melt quenching method, or sputtering and CVD methods, such as the method of spraying 
and quenching an alloy molten metal to a rotating drum, and forming in thin band-like one and the method 
of spouting an alloy molten metal in the gas for cooling, quenching in the state of a drop, and forming in the 
shape of powder, etc. can be used for the method of obtaining the alloy which makes the above amorphous 
substances the main phase. Moreover, when acquiring the consolidation object which can perform heat 
treatment to the alloy which makes the above-mentioned amorphous substance the main phase using the 
heating means of arbitration, for example, consists of a hard magnetic material of this invention, while 
making into the shape of powder the alloy which makes an amorphous substance the main phase first and 
carrying out pressing of the end of an alloy powder with a hotpress. the method of heat-treating at a 
suitable programming rate and heat treatment temperature (annealing temperature) can be used preferably. 
[0032] By 10K/. above, the programming rate at the time of heat treatment is the above range by 100K/, 
and is preferably set up with the presentation of the alloy which makes an amorphous substance the main 
phase. The crystal grain which deposits in an alloy that the programming rate at the time of heat treatment 
is the following by lOK/by heat treatment makes it big and rough, and they are a software magnetism 
phase (bcc(body-centered cubic structure)-Fe) and a hard magnetism phase (R2Fe14B). Since a switched 
connection property falls and ********** deteriorates, it is not desirable. Moreover, shortening of the time 
amount which the improvement in a property, heat treatment process, and manufacturing process by 
equalization of a detailed organization take is attained by making the programming rate at the time of heat 
treatment into the above range by 100K/. In addition, as a maximum of a programming rate, it may be about 
a 200K/minute from the constraint on equipment. 

[0033] Further excellent ********** is obtained by considering more preferably above the programming 
rate when heat-treating the alloy which makes an amorphous phase the main phase especially as the 
above by 50K/by lOK/in the temperature requirement where the first phase of a crystalline substance 
phase deposits at least. In the hard magnetic material concerning this invention, to the crystal phase which 
deposits by heat treatment, a bcc-Fe phase (software magnetism phase), The phase (first phase) which 
R2Fe14B (hard magnetism phase) and Fe3 B phase are contained, and deposits at the lowest temperature 
among these crystal phases For example, it is a bcc-Fe phase, Fe3 B phase, or Fe2B phase, and that 
temperature that deposits changes by this either becoming a first phase with presentations of the alloy 



which makes an amorphous phase the main phase, for example, it is within the limits of 500-650 degrees C. 
Moreover, it is most desirable that a bcc-Fe phase deposits as a first phase. Since the switched 
connection property of a software magnetism phase (bccCbody-centered cubic structure)- Fe) and a hard 
magnetism phase (R2Fe14B) falls in order that the crystal grain of a bcc-Fe phase which deposits in an 
alloy that the programming rate in this. temperature requirement is the following by lOK/by heat treatment 
may make it big and rough, and ********** deteriorates, it is not desirable. Moreover, by making into the 
above range the programming rate in the temperature requirement where the first phase of a crystalline 
substance phase deposits by 50K/. it becomes possible to make detailed more particle size of the crystal 
grain of a bcc-Fe phase, and the crystal phase of a uniform detailed organization can be formed. 
[0034] In the in-house of the alloy which makes an above-mentioned amorphous phase the main phase, the 
difference of the concentration of the fluctuation of an alloy presentation, i.e., an alloy presentation, is large. 
At the time of heat treatment, the first phase (bcc-Fe phase) of a crystal phase grows by using the portion 
of such fluctuation as a nucleus. If a programming rate is large at this time, origination-ol^nucleus 
probability becomes high and many crystal grain of a bcc-Fe phase deposits by the alloy in-house. Since 
the diameter of crystal grain is dependent on a programming rate, the particle size of a bcc-Fe phase 
becomes so small that a programming rate is large. Furthermore, if temperature up is continued. R2Fel4 B 
phase begins to deposit from the portion of the grain boundary of a bcc-Fe phase. It is not necessary to 
necessarily carry out the programming rate at this time above by 10K/. Although the dependency of the 
programming rate of the particle size of R2Fe14 B phase is in the inclination for particle size to become 
small so that it is large and a programming rate is larger than the case of a bcc-Fe phase Since the volume 
which many crystal grain of a bcc-Fe phase has already deposited, and the crystal grain of the bcc-Fe 
phase under alloy organization occupies in this invention is large The space where R2Fe14 B phase 
deposits becomes small relatively, and even if the programming rate in the temperature requirement which 
deposits R2Fe14 B phase is the following by 10K/. the particle size of R2Fe14 B phase becomes small. 
That is. it depends for the particle size of R2Fe14 B phase on the programming rate in the temperature 
requirement where a first phase (bcc-Fe phase) deposits greatly. Thus, in the hard magnetic material in 
this invention, it is thought that it becomes the gestalt to which much crystal grain of R2Fe14 B phase 
deposited around the crystal grain of many bcc-Fe phases, the switched connection property of a bcc-Fe 
phase and R2Fe14 B phase improves, and ********** improves. 

[0035] The heat treatment temperature at the time of heat treatment (annealing temperature) is preferably 
set up with 873-1 173K (600-900 degrees C). and the presentation of the alloy which it is more desirable, 
and the range of 973K-1023K (700-800 degrees C) and the holding time (heat treatment time amount) are 
desirable, is a range for 3 - 10 minutes more preferably for 0 to 60 minutes, and makes an amorphous 
phase the main phase. Since there are few amounts of deposits of the R2Fe14 B phase which bears 
********** as heat treatment temperature is under 873K (600 degrees C). sufficient ********** is not 
obtained, and it is not desirable. On the other hand, if heat treatment temperature exceeds 1 173K (900 
degrees C), since other sludges will deposit and ********** will fall, it is not desirable. 
[0036] Drawing 1 is the perspective diagram showing the example of the operation gestalt which applied 
the hard magnetic material of this invention to the magnet for hole potentiometers. The magnet section 
which consists of a hard magnetic material concerning this invention with the above-mentioned sign 1 in 
drawing, and 2 are the supporters for supporting this magnet section 1. It is the sector thing by which the 
permeance coefficient was fabricated by the configuration which becomes about about five, the absolute 
values of the temperature coefficient of magnetization are below 0,13% / K. and the absolute value of the 
temperature coefficient of coercive force of the above-mentioned magnet section 1 is as follows [ 0.35% / 
K ]. The above-mentioned supporter consists of inlet connection 5 of the shape of a cylinder established 
by projecting from the disc section 4 which has the notching section 3 for containing the magnet section 1, 
and the crowning of this disc section 4. 

[0037] or [ that the temperature characteristic is more equivalent than a conventional ferrite magnet and a 
conventional Nd-Fe-B system magnet by having used the magnet section 1 which consists of hard 
magnetic material nature concerning this invention if it was in the magnet for hole potentiometers of an 



operation gestalt ] — or it excels, and since tiie drift of the output resulting from a temperature change 
can be prevented, it can adjust with a sufficient precision of the circuit voltage of electronic equipment. 
Moreover, if it is in the magnet for hole potentiometers of an operation gestalt. it is low cost from a 
conventional Sm-Co system magnet and a conventional Nd-Fe-B system magnet, and ********** is 
superior to a conventional ferrite and a conventional ainico magnet. 

[0038] Drawing 2 is the perspective diagram showing the example of the operation gestalt which applied 
the hard magnetic material of this invention to the magnet for magnetic type rotary encoders. The sign 10 
in drawing is the magnet for magnetic type rotary encoders of an operation gestalt. The magnet 10 for 
magnetic type rotary encoders of this operation gestalt was fabricated by the configuration from which it 
consists of a hard magnetic material concerning above-mentioned this invention, and a permeance 
coefficient becomes about about two, and a multi-electrode comes [ disc-like ] to magnetize it in 
accordance with that periphery. Moreover, the absolute value of the temperature coefficient of 
magnetization of this magnet 10 for rotary encoders is as follows [ 0.15% / K ]. or [ that the temperature 
characteristic is more equivalent than a conventional ferrite magnet and a conventional Nd-Fe-B system 
magnet by having used the hard magnetic material nature concerning this invention if it is in the magnet 10 
for magnetic type rotary encoders of an operation gestalt ] — or it excels, and since the drift of the output 
resulting from a temperature change can be prevented, angle of rotation of electronic equipment etc. is 
detectable with a sufficient precision. Moreover, if it is in the magnet 10 for magnetic type rotary encoders 
of an operation gestalt, it is low cost from a conventional Sm-Co system magnet and a conventional Nd- 
Fe-B system magnet, and ********** is superior to a conventional ferrite and a conventional ainico 
magnet. 

[0039] Drawing 3 is the cross section showing the first example of the operation gestalt which applied the 
hard magnetic material of this invention to the magnet for loudspeakers. The pole piece which the sign 21 
in drawing becomes from iron, the cylinder-like dust core (yoke) in which 22 was prepared by separating a 
crevice to the way outside this pole piece 21. the magnet with which 23 and 24 consist of a hard magnetic 
material of this invention by which the crevice between the pole piece 21 and a yoke 22 has been arranged 
up and down, respectively, and 25 are cone-like diaphragms. The above-mentioned magnets 23 and 24 are 
formed in the shape of a ring. The speech coil (graphic display abbreviation) is arranged between the 
magnetic gaps made with these magnets 23 and 24, and this speech coil is further connected to the cone- 
like diaphragm 25. If the speech current from amplifier flows to this speech coil, motion can be caused 
according to it. the cone-like diaphragm 25 connected to this can be moved, and it can emanate as a 
sound. 

[0040] If it is in the magnet for loudspeakers of the first example, since the drift of the output in which the 
temperature characteristic excels a conventional ferrite magnet and a conventional Nd-Fe-B system 
magnet and which originates in a temperature change can be prevented by having used the magnets 23 and 
24 which consist of hard magnetic material nature concerning this invention, speech current can be passed 
with a sufficient precision to a voice coil. Moreover, if it is in the magnet for loudspeakers of the first 
example, it is low cost from a conventional Sm-Co system magnet and a conventional Nd-Fe-B system 
magnet, and ********** is superior to a conventional ferrite and a conventional ainico magnet. 
[0041] Drawing 4 is the cross section showing the second example of the operation gestalt which applied 
the hard magnetic material of this invention to the magnet for loudspeakers. The pole piece which consists 
of iron of a vertical couple with which opposite arrangement of the signs 31 and 32 in drawing was carried 
out. the magnet which consists of a hard magnetic material of this invention by which 33 was arranged 
between this pole piece 31 and 32, the cylinder-like yoke with which 34 was prepared by separating a 
crevice to the way outside these pole piece 31 and 32 and a magnet 33, and 35 are cone-like diaphragms, 
and 36 is magnetic-shielding covering. The above-mentioned magnet 33 is formed in the shape of a ring. 
The above-mentioned pole piece 31 and 32 and a magnet 33 are attached in the magnetic-shielding 
covering 36 with the bolt 37. the washer 38, and the nut 39. If it is in the magnet for loudspeakers of the 
second example, there is the same ieffect as the magnet for loudspeakers of the first above-mentioned 
example and abbreviation by having used the magnet 33 which consists of hard magnetic material nature 



concerning this invention. 

[0042] Especially an above-mentioned hard magnetic material among Fe, Co. and nickel One or more sorts 
of elements T Since the absolute value of the temperature coefficient of the magnetization when using it in 
the configuration from which it consists of an alloy containing the elements R and B which consist of one 
or more sorts in rare earth elements, and a permeance coefficient becomes two or more is as follows 
[ 0.15% / K ] or [ that the temperature characteristic is more equivalent than a conventional ferrite and a 
conventional Nd-Fe-B system magnet ] — or since the drift of the output resulting from a temperature 
change can be prevented when it excels, therefore uses for a sensor etc.. the reliability of detection 
precision can be raised. Moreover, although the temperature characteristic of a hard magnetic material is 
greatly influenced by the temperature coefficient of coercive force when it is used in a configuration from 
which a permeance coefficient becomes two or less Below 0.35% / K. since the absolute value of the 
temperature coefficient of coercive force is small, an above-mentioned hard magnetic material or [ that the 
temperature characteristic is more equivalent than the conventional Nd-Fe-B system magnet ] — or since 
the drift of the output resulting from a temperature change can be prevented when it excels and is used 
for a small magnetometric sensor, a rotary encoder, etc., the reliability of detection precision can be raised. 
[0043] The hard magnetic material concerning this invention contains the fine crystalline phase of lOOnm 
or less of diameters of average crystal grain as a subject. Moreover, to this fine crystalline phase Since the 
bcc-Fe phase of lOOnm or less of diameters of average crystal grain and the R2Fe14 B phase of lOOnm or 
less of diameters of average crystal grain deposit The switched connection property of a software 
magnetism phase (bccCbody-centered cubic structure)-Fe) and a hard magnetism phase (R2Fe14B) is 
improving. Residual magnetization (Ir), a square shape ratio (Ir/Is), coercive force (iHc). and the maximum 
magnetic energy product ((BH) max) increase, and it is A. ************** is obtained. Specifically, 
residual magnetization (Ir) can realize 100 or more emu/g of outstanding hard magnetic materials to which 
the hard magnetic material of 130 or more emu/g and a square shape ratio (Ir/Is) exceed [ the hard 
magnetic material of 2 or more kOes, and the maximum magnetic energy product ((BH) max) ] 0.7 or more 
hard magnetic materials, and coercive force (iHc) exceeds 1 or more kOe(s) of 100 kJ/m3 0.6 or more 
preferably. 

[0044] Furthermore, since ********** which was excellent even if it lessened the content of rare earth 
elements R is obtained, the hard magnetic material concerning this invention can be manufactured with a 
comparatively low manufacturing cost compared with an Sm-Co system magnet or a Nd-Fe-B system 
magnet. 

[0045] Moreover, an above-mentioned hard magnetic materia! heat-treats the alloy which makes an 
amorphous phase the main phase immediately after quenching, and deposits a detailed crystal phase. When 
the programming rate at the time of heat-treating especially considers as the above by lOK/in the 
temperature requirement where the first phase of a crystalline substance phase deposits, while much 
crystal grain of a bcc-Fe phase can form and being able to prevent hypertrophy of the crystal grain Since 
hypertrophy of the crystal grain of the R2Fe14 B phase generated later can also be prevented, the 
diameter of average crystal grain of the bcc-Fe phase of a fine crystalline phase and R2Fe14 B phase 
which deposits in the above-mentioned alloy can be made detailed. 

[0046] Furthermore, in the R2Fe14 B phase, it has the detailed diameter of average crystal grain 
comparable as a bcc-Fe phase originally. Moreover, since the space where the crystal grain of a bcc-Fe 
phase generates a large number in before R2Fe14 B phase deposits, and R2Fe14 B phase deposits is small 
It is not dependent on the programming rate in the temperature field to which R2Fe14 B phase deposits, 
and depends for the magnitude of the crystal grain of R2Fe14 B phase on the programming rate in the 
temperature field to which a first phase (bcc-Fe phase) deposits. That is, the diameter of average crystal 
grain of R2Fe14 B phase is made detailed by making a programming rate quick in the temperature field in 
which a first phase (bcc-Fe phase) deposits. Therefore, since the adjacent probability of the crystal grain 
of a bcc-Fe phase and the crystal grain of R2Fe14 B phase becomes high and the switched connection of 
a software magnetism phase (bcc(body-centered cubic structure)-Fe) and a hard magnetism phase 
(R2Fe14B) becomes is easy to be performed, a switched connection property improves, residual 



magnetization (Ir), a square shape ratio (Ir/Is), coercive force (iHc), and the maximum magnetic energy 
product ((BH) max) increase, and outstanding ********** is obtained. 

[0047] If it is in the hard magnetic material concerning this invention, Si element moreover, by Co being 
made to be contained in 0.5 - pentatomic % addition or T element in addition to Fe 0.5 to 50% in T element 
substitute The absolute value of the temperature coefficient of the magnetization when using it in the 
configuration from which a permeance coefficient becomes two or more The following [ 0.15% / K ]. The 
absolute value of the temperature coefficient of the magnetization when using it in the configuration from 
which a permeance coefficient becomes ten or more especially can realize the following [ 0.1% / K ], and 
can raise the temperature characteristic. Therefore, the hard magnetic material concerning this invention 
can be used suitable for a magnetic type rotary encoder, a potentiometer and a sensor, an actuator, a 
loudspeaker, a motor, etc. 
[0048] 

[Example] (Example 1 of an experiment) The quenching thin band alloy of various presentations was heat- 
treated as follows, and the hard magnetic material was produced. First, the quenching thin band alloy with a 
thickness of about 20 micrometers was produced by producing an ingot with an arc solution process and 
blowing off the metal which dissolved on Cu roll which is rotating in Ar ambient atmosphere from the 
narrow width nozzle of 0.3mm of slit ****. Subsequently, the thin band alloy sample (example) heat-treated 
and obtained on the conditions which heat the obtained quenching thin band alloy by part for programming 
rate 180K/all over the infrared image furnace of 1x10 - 2 or less Pa. and are held for about 180 seconds 
by annealing temperature 1023K (750 degrees C) was obtained. Fe76Co10Nb2Pr7 B5 which each 
presentation of the thin band alloy sample obtained here has within the limits of this invention — the thin 
band alloy of a presentation, and Fe66Co20Nb2Pr7 85 — the thin band alloy of a presentation, and 
Fe84Nb2Pr7 B5Si2 — it was the thin band alloy of a presentation. 

[0049] the thin band alloy sample of the acquired example — VSM (oscillating sample mold magnetometer) 
— using — the inside of the impression magnetic field of lOkOe. and a vacuum — room temperature - 
about 490 — the demagnetization curve (the 2nd quadrant) in K was measured. A result is shown in 
drawing 5 - drawing 7 . I is a straight line whose permeance coefficient (p) is 10 (prism form) among 
drawing 5 - drawing 7 . and RO is a straight line whose p is 1.5 (disc form). Moreover, the residual 
magnetization (Ir) for which it asked from the demagnetization curve (the 2nd quadrant), and the 
temperature change of coercive force (iHc) are shown in drawing 8 . 

[0050] Moreover, the magnetic properties in the room temperature of the thin band alloy sample of an 
example are shown in a table 1 . In addition, Ir/Is is the rate (square shape ratio) of the residual 
magnetization (Ir) to saturation magnetization (Is) among a table 1. Furthermore, the temperature 
coefficient of the residual magnetization in the room temperature of the thin band alloy sample of an 
example - about 490 K and coercive force and the temperature coefficient of the residual magnetization 
when considering as p= 1.5 and the configuration used as p= 10 are shown in a table 2. 
[0051] The relation between the magnetic properties of the conventional ferrite magnet and a Nd-Fe-B 
system (Nd2Fe14B) magnet and temperature is shown in drawing 8 as an example of a comparison. 
Moreover, the residual magnetization of these conventional magnets and the temperature coefficient of 
coercive force are doubled and shown in a table 2. 
[0052] 
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[0053] 

[A table 2] 
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[0054] From drawing 8 and a table 2. as for the magnet of the thin band alloy sample of an example, and 
the example of a comparison, the inclination for residual magnetization (Ir) and coercive force (iHc) to 
decrease with lifting of temperature is accepted, the temperature coefficient (diHc/dT) of coercive force - 
- Fe88Nb2Pr5 B5 of an example — the sample of a presentation is -0.43 %/K and is a value near the value 
(-0.4%/K) of the Nd-Fe-B system magnet of the example of a comparison. On the other hand, by the thin 
band alloy sample of the example which added Co and Si. being a value smaller than the magnet of Fe77Nd 
1 5B8 of -0.28 - -0.36% / K, and the example of a comparison is admitted. Thus, it is considered to 
originate in the Curie temperature of a hard magnetism phase rising by adding Co that the temperature 
coefficient of coercive force decreases. 

[0055] next — the temperature coefficient (dIr/dT) of residual magnetization — Fe88Nb2P r5 B5 of an 
example — the samples of a presentation are -0.06%/K. and the value of the Nd-Fe-B system magnet (8 
Fe77Nd15B 77 (FeO.OCoO.I) Nd 15B8 magnet of a presentation) of the example of a comparison is low 
compared with being -0.11 - -0.16%/K. the phase to which this participates in magnetization with the 
magnet of the example of a comparison — a hard magnetism phase — it is — it receives and it is thought 
by the thin band alloy sample of an example that it is because it has the nano diplophase organization 
where the hard magnetism phase and the software magnetism phase with the small rate of a temperature 
change of magnetization (bcc-Fe phase) were intermingled. Moreover, by the thin band alloy sample of the 
example which added Co and Si. it is admitted that the temperature coefficients of Ir are -0.02% / K. and a 
substantially small value, drawing 6 to Fe66Co20Nb2Pr7 B5 ~ especially in the sample of a presentation, 
the temperature change of magnetization is small in ten or more [ p = ] fields, and it turns out that the 
temperature characteristic is excellent. 

[0056] It asks for drawing 9 from the demagnetization curve which shows the value of the residual 
magnetization (Ir) in each temperature when using the thin band alloy sample of an example in p= 1.5 and 
the configuration used as p= 10. respectively to drawing 5 - drawing 7 . Moreover, the temperature change 
of the residual magnetization (Ir) when using a conventional Sm-Co magnet and a conventional Nd-Fe-B 
system magnet (Nd2F e14B presentation) for drawing 9 in p= 1.5 and the configuration used as p= 10 as a 
comparison, respectively is doubled and shown. Fe88Nb2Nd5 B5 which drawing 10 has within the limits of 
the presentation of this invention — the sintering bulk (alloy consolidation object) sample of a presentation, 
and Fe86Nb2Pr7 B5 — the relation between the permeance coefficient of the thin band alloy sample of a 
presentation and the temperature coefficient of residual magnetization is shown. Moreover, the relation 
between the permeance coefficient of the conventional Nd-Fe-B system magnet (Nd2Fe14B presentation) 
and a temperature coefficient is doubled and shown in drawing 10 as a comparison. 

[0057] In the case of p= 1.5 and a low permeance coefficient, from a table 2 and drawing 8 - drawing 10 
Fe84Nb2Pr7 B5Si2 which is the example which added Si ~ Fe76Co10Nb2Pr7 B5 which the temperature 



coefficients of magnetization of the sample of a presentation are -0.17%/K, and is the example which added 
Co — with a presentation Fe66Co20Nb2Pr7 B5 — the temperature coefficient of magnetization of the 
sample of a presentation respectively -0.20%/K, and -0.33%/K — it is — moreover. Fe88Nb2Pr5 B5 — as 
for the temperature coefficient of magnetization of the sample of a presentation, -0.38% / K. and each 
example have the comparatively high temperature coefficient equivalent to the conventional material, 
however — the time of using it by p= 10 and the high permeance coefficient — Fe88Nb2Nd5 B5 of an 
example — the temperature coefficient of magnetization is -0.1 2%/K. and the sample of a presentation is 
the same degree as the temperature coefficient of magnetization of the conventional Nd-Fe-B system 
magnet. Fe84Nb2Pr7 B5Si2 of the example which added Si on the other hand ~ Fe66Co20Nb2Pr7 B5 of 
the example which the samples of a presentation are -0.05%/K, and added Co — the sample of a 
presentation indicates it to be -0.08% / K that change of the magnetic properties by temperature is still 
smaller, moreover, when it is used in the configuration used as p= 10 the thin band alloy sample of an _ 
example — especially — Fe66Co20Nb2Pr7 B5 — the sample of a presentation In the operating 
temperature range of 300 - 430K (27-157 degrees C) degree, the absolute value of the temperature 
coefficient of magnetization is small, it has the temperature characteristic which was excellent in the same 
degree as the Sm-Co system magnet of the example of a comparison, and it turns out that the 
temperature characteristic is superior to the Nd2Fe14B system magnet of the example of a comparison. 
[0058] From a table 2 and drawing 8 - drawing 10 , the sample of an example When it is the same degree 
as the absolute value of the temperature coefficient of magnetization of the Nd2Fe14B system magnet of 
the example of a comparison, or is small, when the permeance coefficient used it or more by two, and a 
permeance coefficient uses it or more by ten especially. The value smaller than 0.1% / K is acquired, the 
temperature coefficient of magnetization has the absolute value of the temperature coefficient of 
magnetization smaller than the Nd-Fe-B system magnet of the example of a comparison, and it turns out 
that the temperature characteristic is excellent. 

[0059] (Example 2 of an experiment) the example 1 of an experiment — the same — carrying out 
Fe90Nb2Nd five B3. Fe89Nb2Nd5 B4, Fe89Nb2Nd4 B5, and Fe79Co10Nb2Nd4 B5 ~ the thin band alloy 
sample of a presentation was obtained, the obtained thin band alloy sample — VSM (oscillating sample 
mold magnetometer) — using — the inside of the impression magnetic field of lOkOe, and a vacuum 
room temperature - the demagnetization curve (the 2nd quadrant) in about 160 degrees C was measured, 
and it asked for the temperature coefficient of coercive force. A result is shown in a table 3. Moreover, the 
temperature coefficient of the coercive force in room temperature -200 degree C of conventional Fe77Nd 
15B8 and the thin band alloy sample of the presentation which becomes 77(Fe0.9Co0.1) Nd15B8 is doubled 
and shown in a table 3. Furthermore, the relation of the temperature and coercive force (iHc) which were 
acquired from the demagnetization curve is shown in drawing 1 1 . 
[0060] 
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[0061] It turns out that each absolute value of the temperature coefficient of coercive force is low rather 
than 0.35% / K, and the thin band alloy sample of this example has the small temperature change of 
coercive force so that clearly [ in a table 3 ]. It turns out that the absolute value of the temperature 
coefficient of a room temperature - 100 degrees C [ of abbreviation ] coercive force becomes below 0.30% 
/ K, and it excels in the temperature characteristic especially. On the other hand, about conventional 
Fe77Nd 15B8 and the thin band alloy sample of the presentation which becomes 77(Fe0.9Co0.1) Ndl5B8, 
the absolute values of the temperature coefficient of coercive force are 0.4%/K. and 0.35%/K, respectively, 
and are larger than the thin band, alloy sample of this example. Moreover, coercive force (iHc) is declining 
gently with lifting of temperature so that clearly from drawing 1 1 . Therefore, when such a thin band alloy 
sample (permanent magnet) is used for a magnetometric sensor, even if the operating temperature of a 
magnetometric sensor rises rapidly, since change of coercive force (iHc) is small, the drift of the output 
from a magnetometric sensor can be made small. 

[0062] (Example 3 of an experiment) the example 1 of an experiment — the same — carrying out — 
Fe88Nb2Nd5 B5 — the quenching thin band alloy of a presentation was produced. Subsequently, the thin 
band alloy sample was obtained by carrying out temperature up of the obtained quenching thin band alloy 
to 750 degrees C all over the infrared image furnace of 1x10 - 2 or less Pa, and heat-treating on the 
conditions held for about 180 seconds. About the programming rate of heat treatment, as shown in drawing 
1 2 , the thin band alloy sample heat-treated with various programming rates was obtained by considering 
as a part for 3K/from a room temperature (27 degrees C) to T1 to a part for 180K/, and T1 to 750 degrees 
C (1023K), and changing T1 into arbitration for every sample in 27-750 degrees C. Furthermore, as shown 
in drawing 13 , it considers as a part for 180K/from a room temperature (27 degrees C) to T2 to a part for 
3K/, and T2 to 750 degrees C, and T2 is changed into arbitration for every sample in 27-750 degrees C. By 
carrying out, the thin band alloy sample heat-treated with various programming rates was obtained. 



[0063] About the quenching thin band alloy, the programming rate was considered as a part for 6 - 40K/. 
-and DSC measurement (differential scanning calorimetry) was performed. A result is shown in drawing 14 . 
Also in which programming rate, the exothermic peak by crystallization of a bcc-Fe phase is checked in the 
range of 500-650 degrees C. Moreover, in a temperature requirement 650 degrees C or more, the 
exothermic peak by crystallization of Nd2Fe14 B phase is checked. 

[0064] The result of having investigated the dependency of Ti of the residual magnetization (Ir) of the thin 
band alloy sample which T1 was changed to arbitration in 27-750 degrees C, and was obtained, a 
remanence ratio (Ir/Is). and coercive force (iHc) is shown in drawing 15 . As for Ir. Ir/Is. and iHc. TI is low 
below 500 degrees C. and it turns out that ********** has deteriorated so that clearly from drawing 1 5 . 
T1 this from drawing 1 2 below 500 degrees C Since the minimum of the temperature requirement for 
programming rate 3K/becomes 500 degrees C or less and a programming rate becomes low in the 
temperature requirement (500-650 degrees C) where a bcc-Fe phase deposits The number of generating _ 
nucleus sites of a bcc-Fe phase decreases, the diameter of crystal grain of the Nd2Fe14 B phase which 
deposits and grows from between the grains of a bcc-Fe phase and a bcc-Fe phase as a result becomes 
large, and that in which switched connection nature fell to and ********** deteriorated is presumed. 
Moreover, in the case (TI is 650 degrees C) where the temperature requirement for programming rate 
3K/is 650-750 degrees C. the programming rate is low in the temperature requirement where Nd2Fe14 B 
phase deposits. Although we were anxious about lowering of the switched connection nature by 
hypertrophy of the crystal grain of Nd2Fe14 B phase, the ********** of the obtained thin band alloy 
sample was good actually, as shown in drawing 1 5 . Since the space where many crystal grain of a bcc-Fe 
phase already deposits under a quick programming rate, and Nd2Fe14 B phase deposits was small relatively, 
the grain growth in the case of the deposit of Nd2Fe14 B phase was controlled, and switched connection 
nature improved, this is presumed. 

[0065] Next, the result of having investigated the dependency of T2 of the residual magnetization (Ir) of the 
thin band alloy sample which T2 was changed to arbitration in 27-750 degrees C, and was obtained, a 
remanence ratio (Ir/Is), and coercive force (iHc) is shown in drawing 1 6 . T2 is residual magnetization (Ir) 
and a square shape above 650 degrees C so that clearly from drawing 1 6 . A ratio (Ir/Is) and coercive force 
(iHc) are low, and it turns out that ********** has deteriorated. For this, drawing 1 3 to T2 is a 
temperature requirement for programming rate 3K/above 650 degrees C. Since a maximum becomes 650 
degrees C or more and the programming rate in the temperature requirement (500-650 degrees C) where a 
bcc-Fe phase deposits becomes low, the crystal grain of a bcc-Fe phase ******s , and that in which 
switched connection nature with Nd2Fe14 B phase fell to. and ********** deteriorated is presumed. 
[0066] By considering a programming rate as the above by lOK/from the above result into the temperature 
requirement where a presentation is the range of this invention, and a bcc-Fe phase (first phase) deposits 
(500-650 degrees C) shows that the thin band alloy sample excellent in ********** is obtained. 
[0067] (Example 4 of an experiment) Fe88Nb2Pr5 B5 ~ the temperature change of magnetization of the 
hard magnetic material which heat-treated the amorphous alloy thin band after quenching of a presentation 
with the annealing temperature of 750 degrees C. and was obtained was investigated, moreover, Fe88Pr7 
B5 — the temperature change of magnetization of the hard magnetic material which heat-treated the 
amorphous alloy thin band after quenching of a presentation with the annealing temperature of 650 degrees 
C, and was obtained was investigated. The result is shown in drawing 17 . drawing 17 — Fe88Nb2Pr5 B5 
the hard magnetic material of a presentation, and Fe88Pr7 B5 — the temperature change of magnetization 
of the hard magnetic material of a presentation is shown. Magnetization is decreasing at two steps with 
lifting of temperature as shown in drawing 17 . It is admitted that two phases of phases which participate in 
magnetization of a hard magnetic material exist from this. Moreover, since the degree of reduction in 
magnetization is changing near 315 degree C. this neighborhood is the Curie temperature of a Fe14Nd2B 
phase, and since the degree of reduction in magnetization is changing near 770 degree C. it turns out that 
this neighborhood is the Curie temperature of a bcc-Fe phase. In addition, it is considered to be because 
for a volume fraction to be [ that magnetization is low and ] small that the step of the magnetization which 
originates in an amorphous phase here is not seen. 



[0068] moreover. Fe88Nb2Pr5 B5 obtained here — the hard magnetic material of a presentation, and 
•Fe88Pr7 B5 — the 2nd quadrant of the magnetization curve of the hard magnetic material of a 
presentation is shown in drawing 1 8 . The magnetization curve is the same magnetization curve as the 
magnetic material which consists of a single phase as which a step is not regarded, and it is clear that the 
switched connection magnet which the detailed software magnetism phase and the hard magnetism phase 
combined magnetically is obtained as shown in drawing 18 . 
[0069] 

[Effect of the Invention] As explained above, the hard magnetic material of this invention The element R 
which consists or more of one of one or more sorts of Elements T and rare earth elements of Fe, Co. and 
the nickel Since the absolute values of the temperature coefficient of the magnetization when using it in 
the configuration from which it consists of an alloy containing B. and a permeance coefficient becomes two 
or more are below 0.15% / K and coercive force (IHc) is the thing of 1 or more kOes Since the drift of the 
output resulting from a temperature' change can be prevented when the temperature characteristic is 
excellent and it uses for a sensor etc.. the reliability of detection precision can be raised. Moreover, the 
diameter of average crystal grain of the bcc-Fe phase of a fine crystalline phase which deposited by heat 
treatment has made this hard magnetic material detailed, the switched connection property of a software 
magnetism phase (bcc(body-centered cubic structure )-Fe) and a hard magnetism phase (R2Fe14B) is 
improving, and outstanding ********** is obtained. Furthermore, since good ********** is obtained even 
if it lessens the content of rare earth elements R. this hard magnetic material can be manufactured with a 
comparatively low manufacturing cost. 

[0070] The hard magnetic material of this invention Moreover, the software magnetism phase or semi- hard 
magnetism phase of 1 or less kOe of coercive force. It consists of an alloy which contains the hard 
magnetism phase of 1 or more kOes of coercive force more than lOvoKsXvolume) %, respectively. Since 
the absolute values of the temperature coefficient of the magnetization when using it in the configuration 
from which a permeance coefficient becomes two or more are below 0.15% / K and coercive force is the 
thing of 1 or more kOes There is an advantage that can have each property of a software magnetism phase 
and a hard magnetism phase, and ********** is excellent in low cost, and moreover the temperature 
characteristic is excellent. Moreover, the hard magnetic material of this invention consists of an alloy with 
which the magnetic phase and Curie temperature of 600 degrees C or more contain [ Curie temperature ] 
the magnetic phase of 600 degrees C or less more than lOvoKsXvolume) %, respectively. Since the 
absolute values of the temperature coefficient of the magnetization when using it in the configuration from 
which a permeance coefficient becomes two or more are below 0.15% / K and coercive force is the thing of 
1 or more kOes There is an advantage that can have each property of a software magnetism phase and a 
hard magnetism phase, and ********** is excellent in tow cost, and moreover the temperature 
characteristic is excellent. 

[0071] The hard magnetic material of this invention among Fe, Co. and nickel One or more sorts of 
elements T Since it consists of an alloy containing the elements R and B which consist of one or more 
sorts in rare earth elements, the absolute values of the temperature coefficient of coercive force are below 
0.35% / K and coercive force is the thing of 1 or more kOes When it is especially used for a small sensor 
etc.. a magnet becomes two or less configuration by the permeance coefficient. Magnetic ********** will 
be influenced by the temperature coefficient of coercive force, and since it can prevent the drift of the 
output resulting from the temperature change of a small sensor etc.. it can raise the reliability of detection 
precision. 

[0072] Moreover, the hard magnetic material of this invention consists of an alloy which contains the 
software magnetism phase of 1 or less kOe of coercive force, and the hard magnetism phase of 1 or more 
kOes of coercive force more than lOvoKsXvolume) %, respectively. Since the absolute values of the 
temperature coefficient of coercive force are below 0.35% / K and coercive force is the thing of 1 or more 
kOes, there is an advantage that can have the middle property of a software magnetism phase and a hard 
magnetism phase, and ********** is excellent in low cost, and moreover the temperature characteristic is 
excellent. Moreover, the hard magnetic material of this invention consists of an alloy with which the 



magnetic phase and Curie temperature of 600 degrees C or more contain [ Curie temperature ] the 
-magnetic phase of 600 degrees C or less more than lOvoKsXvolume) %. respectively. Since the absolute 
values of the temperature coefficient of coercive force are below 0.35% / K and coercive force is the thing 
of 1 or more kOes, there is an advantage that can have the middle property of a software magnetism phase 
and a hard magnetism phase, and ********** is excellent in low cost, and moreover the temperature 
characteristic is excellent. 

[0073] In the hard magnetic material concerning this invention, if it is in some which contain the fine 
crystalline phase of lOOnm or less of diameters of average crystal grain as a subject, especially, the 
switched connection property of a software magnetism phase and a hard magnetism phase can be 
excellent, and ********** can be raised more. Moreover, if it is in some by which the alloy which makes 
the main phase the amorphous phase which quenched the alloy molten metal and was obtained in the hard 
rnagnetic material concerning this invention was heat-treated, it is low cost and the hard magnetic material 
in which ********** is excellent in and the temperature characteristic is moreover excellent is obtained 
suitably. 

[0074] The alloy which makes the main phase the amorphous phase which quenched the alloy molten metal 
of the above-mentioned configuration, and was especially obtained in the hard magnetic material 
concerning this invention If it is in the thing which it comes to heat-treat with the above programming rate 
by lOK/in the temperature requirement where the first phase of a crystalline substance phase deposits at 
least While much crystal grain of a bcc-Fe phase can form and being able to prevent hypertrophy of the 
crystal grain Since hypertrophy of the crystal grain of the R2Fe14 B phase generated later can also be 
prevented, the diameter of average crystal grain of the bcc-Fe phase of a fine crystalline phase and 
R2Fe14 B phase which deposits in the above-mentioned alloy can be made detailed. Moreover, in R2Fe14 
B phase, although the programming rate dependency of particle size is larger than the case of a bcc-Fe 
phase Since the space where the crystal grain of a bcc-Fe phase generates a large number in before 
R2Fe14 B phase deposits, and R2Fe14 B phase deposits is small The magnitude of the crystal grain of 
R2Fe14 B phase is not based on the programming rate in the temperature requirement where R2Fe14 B 
phase deposits, but it depends for it on the programming rate in the temperature requirement where a first 
phase (bcc-Fe phase) deposits. That is. the diameter of crystal grain of R2Fe14 B phase is made detailed 
by carrying out high-speed temperature up in the temperature field in which a first phase deposits. The 
adjacent probability of the crystal grain of a bcc-Fe phase and the crystal grain of R2Fe14 B phase 
becomes high, by that, since the switched connection of a software magnetism phase (bcc(body-centered 
cubic structure)-Fe) and a hard magnetism phase (R2Fe14B) becomes is easy to be performed, a switched 
connection property improves, and outstanding ********** is obtained. 

[0075] In the hard magnetic material concerning this invention, if the absolute value of the temperature 
coefficient of the magnetization when using it in the configuration from which a permeance coefficient 
becomes two or more is one of those which were made into below 0.10% / K. the temperature 
characteristic is excellent especially. Moreover, in the hard magnetic material concerning this invention, if 
the absolute value of the temperature coefficient of the magnetization when using it in the configuration 
from which a permeance coefficient becomes ten or more is one of those which were made into below 
0.08% / K, the temperature characteristic is excellent especially. Furthermore, in the hard magnetic 
material concerning this invention, if it is in some which the absolute value of the temperature coefficient 
of room temperature -100 degree C coercive force made below 0.30% / K, the temperature characteristic 
is excellent especially. 

[0076] According to the hard magnetic material concerning this invention, coercive force can realize the 
hard magnetic material of 2 or more kOes. Moreover, according to the hard magnetic material concerning 
this invention, 0.6 or more hard magnetic materials can be realized comparatively (Ir/Is). therefore high 
residual magnetization (Ir) can be realized, and the hard magnetic material with the high maximum magnetic 
energy product ((BH) max) of the residual magnetization (Ir) to saturation magnetization (Is) can be 
obtained. If it is in the hard magnetic material of this invention, x which sets a presentation to TxMyRzBw 
and shows a presentation ratio, and y, z and w are atomic %s. 50<=x. 0<=y<=15, 3<=z<=20. and the relation 



it is unrelated 2 <=w<=20 are satisfied. By satisfying preferably 80<=x<=93, 1<=y<=5, 3<=z<=10, and the 
-relation it is unrelated 3 <=w<=7. and satisfying more preferably 86<=x<=93. 1<=y<=3. 3<=z<=7, and the 
relation it is unrelated 3 <=w<=5 And since the compound which a good amorphous phase is obtained and 
gives ********** from the thing [ that stress relief heat treatment is carried out ] deposits even if the 
concentration of rare earth elements is low. when residual magnetization (Ir) considers as the thing of 100 
or more emu/g It has ********** excellent in low cost, and the hard magnetic material excellent in the 
temperature characteristic is obtained. 

[0077] If it is in the hard magnetic material of this invention, it can also have corrosion resistance further 
by setting a presentation to TxMyRzBwEv, and x which shows a presentation ratio, and y. z. w and v being 
atomic %s. and satisfying 50<=x. 0<=y<=15. 3<=z<=20. 2<=w<=20. and the relation it is unrelated 0 <=v<=10 
X which shows the presentation ratio in an empirical formula here, and y, z. w and v moreover, by atomic % 
In also having corrosion resistance 80<=x<=93. 1<=y<=5, 3<=z<=10. 3<=w<=7, 0<=y<=5, and by satisfying 
more preferably 86<=x<=93, 1<=y<=3, 3<=z<=7. 3<=w<=5. and the relation it is unrelated 0.1 <=v<=5, more 
excellent ********** can be obtained. In the hard magnetic material concerning this invention, the 
temperature characteristic can be raised more that 0.5- pentatomic % addition of Si element is done in T 
element substitute, or by containing Co in T element in addition to Fe. Therefore, if it is in the hard 
magnetic material of this invention, it is useful as a magnet material used for various kinds of equipments, 
such as a magnetic type rotary encoder, a potentiometer and a sensor, an actuator, a loudspeaker, and a 
motor, and reduction of a manufacturing cost can be aimed at. 



[Translation done.] 
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[Brief Description of the Drawings] 

[Drawing 1] It is the perspective diagram showing the example of the operation gestalt which applied the 
hard magnetic material of this invention to the magnet for hole potentiometers. 

[Drawing 2] It is the perspective diagram showing the example of the operation gestalt which applied the 
hard magnetic material of this invention to the magnet for magnetic type rotary encoders. 
[Drawing 3] It is the cross section showing the first example of the operation gestalt which applied the hard 
magnetic material of this invention to the magnet for loudspeakers. 

[Drawing 4] It is the cross section showing the second example of the operation gestalt which applied the 
hard magnetic material of this invention to the magnet for loudspeakers. 

[Drawing 5] Fe76Co10Nb2Pr7 B5 — it is the graph which shows the demagnetization curve (the 2nd 
quadrant) in 302.5K-489K of the thin band alloy sample of a presentation. 

[Drawing 6] Fe66Co20Nb2Pr7 85 — it is the graph which shows the demagnetization curve (the 2nd 
quadrant) in 308K-471K of the thin band alloy sample of a presentation. 

[Drawing 7] It is the graph which shows the demagnetization curve (the 2nd quadrant) in 301.5K-477K of 
the thin band alloy sample of the becoming presentation Fe84Nb2Pr7 B5Si2. 

[Drawing 8] It is drawing showing the relation between the magnetic properties of the magnet of the thin 

band alloy sample of an example, and the example of a comparison, and temperature. 

[Drawing 9] It is drawing showing the temperature change of Ir when using the magnet of the thin band 

alloy sample of an example, and the example of a comparison in the configuration set to p= 1.5 and p= 10. 

respectively. 

[Drawing 10] It is drawing showing the relation between the permeance coefficient of the sintering bulk 
(alloy consolidation object) which is within the limits of the presentation of this invention, the thin band 
alloy which is within the limits of the presentation of this invention, and the conventional Nd-Fe-B system 
magnet, and a temperature coefficient. 

[Drawing 1 1] It is the graph which shows the relation of the temperature (T) of a thin band alloy and 
coercive force (iHc) which are within the limits of the presentation of this invention. 
[Drawing 12] It is drawing for explaining the pattern of a programming rate. 
[Drawing 13] It is drawing for explaining the pattern of a programming rate. 

[Drawing 14] Fe88Nb2Nd5 B5 obtained by the quenching method — amorphous ** of a presentation It is 
drawing showing the DSC (differential scanning calorimetry) curve in each programming rate of a ****** 
sample. 

[Drawing 1 5] Fe88Nb2Nd5 B5 — it is the graph which shows the dependency of T1 of Ir of the sample of a 
presentation, Ir/Is, and i He. 

[Drawing 16] Fe88Nb2Nd5 B5 — it is the graph which shows the dependency of T2 of Ir of the sample of a 
presentation. Ir/Is, and i He. 

[Drawing 17] Fe88Nb2Pr5 B5 — the hard magnetic material of a presentation, and Fe88Pr7 B5 — it is the 
graph which shows the temperature change of magnetization of the hard magnetic material of a 
presentation. 

[Drawing 1 8] Fe88Nb2Pr5 B5 — the hard magnetic material of a presentation, and Fe88Pr7 B5 — it is the 
graph which shows the 2nd quadrant of the magnetization curve of the hard magnetic material of a 



presentation. 
[Description of Notations] 

1 [ ... The disc section. 5 / ... Inlet connection. 10 / ... The magnet for rotary encoders. 21 / ... Pole piece, 
22 / ... ** / 23 A powder core (yoke) 24 / ... Pole piece, 33 / ... A magnet, 34 / ... A yoke. 35 ... A cone-like 
diaphragm. 36 / ... Magnetic-shielding covering. 37 / ... bolt. 38 / ... washer. 39 ... Nut. / ... A magnet. 25 ... 
31 A cone-like diaphragm, 32 ] ... The magnet section, 2 ... A supporter, 3 ... The notching section, 4 



[Translation done.] 
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(57) [S*«]] 

[^ft^S] Fe. Co. J<S i CDo%<Dim£k±(D7L 
■A^O. 15 0 , 1 k O e ei±T 

$>K). mzumti(Dum^^<DmMmf}^o. 35%/K 
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(2) 

J 

[g|*:®l] Fe. Co. N \<Do%<D\m^±<D7t 

t^^n^'m ovoi mm) xsK^-^ti^^-h^ifi lo 
^a.u-ia^;i^6 0 o'cj^/iTwMttfflt^^n^'ni o 

vol %&.±^tS'^^i)^i^fiK). n-S.7>X 

fco«6*ni*t 0 . 15 %/K&.yx'$> K) . umtiti^ i k 

[lt*:S4] Fe, Co, N i ©a^OlffliJAitDTC 

mti ikoe &.±o)/\- H^ttffi t ^tn^en i o v o 

vol mm) %&.±'^ts-^^t)^iE>ts.K), ^mtxD^m 
k o e &,±x'$)^:: t >§:^WLtt^mmmm. 

im^m 7 ] ^i^i^^i^m 1 0 0 n mJ^ATO^ifflilSa 

[w*3B8] ^^mm^Mf^vxm'^nrc^^Bmmt: 
^^fr^'^^iimmm^nxu^h<DX'$>^zii^!^ 40 

TfiefflL^ci:#<Dm<kCDJaS«&(75^?*ffi75^*0. 10% 

i^-rnt^iz^-m<Dwmmmo so 



2 

\mim. \ 1] /t-=7>7.«sAn o&.±tu^m 
^xmmLrzt^(Dmit<o^&^^(o^9im^o. os 
%/'KtATofe©T$)S c t $r#m<t-r^ii*« 1 ~ 1 

[ii*]ai2] ^ia-i^e. 1 0 o'c<Dtagt5SBTo«« 

;^<DjaS^^©ffi*ffB*5 0. 3 0%/KWTXh^Z.t 
$ri|#S^i:-rSil:SJSl~l 1 ©Vi-rn*^CtB«©®^tt 

[W*:ll3] ffifiS;^J7!>^2 kOe£A±®fe©T&-5d 

t^wmi-r-sw^jsi-i 2©vi-rnAMri5«©®« 
[ss*« 1 4 } mf^mit (Is) {c^-r^^Sii^b 

(I r) ©fij^ (I r/I s) 0. 6JJ;^±®fc©T 
*^c:i:^#^i:-r^ii5R:«l~l 3 ©Vi-rn*Mci2« . 

1 5 ] TiswffifiKiCTS^n, ^Si^^b ( i 

r) ifil 0 0 emu/g£A±©=b©TS)^Z:<t$r!t#gii: 

■r-5if«« 1 ~ 1 A(D\,^-rn-t)^\zmm.(Dmm.'iSiMno 

TxMyRzBw 

;tfcb, TttFe, Co, N i ra^-fe iaiiJi±©7C*5: 
Stib, MttZr, Nb, Ta, Hf, Ti, V, M 
o, WO-^'S ia£t±®7t;lS5r«?DL, R«#±!g7C# 
lfflR±©7C^^^t5-rttfefc, mfifeJt€:^-r 
X, y, z, wt4®^%T, 50^x, O^y^lS. 
3^z^20, 2gw^20T*^. 

z, wttlM?^%T-, 8 0^x^9 3, l^y^5, 3^ 
z^lO, 3.^w^7T$)^:ii:^#Sit-r^l»3i?JBl 
5 (c:fB«©«Mai4W. 

[W«JS17] tf|fS5af£S;+©ffl^JtS:^Tx, y, 
z, vi7ttlI^%T, 86^x^93, l^y^3, 3^ 
z^7, S^w^STS-Silt^^mtr^W^JSl 5 

[W^^aiS] H5iSfflfi£iC*©fflfiS;Jt$:^f X, y, 
z, wttlS^%T, x=10 0-y-z-w, l^y^ 
3, 3^z^7, 3^w^ 5T$)^d<h^#tl[fr^Bf 
1 5 lCfB«©?l^tt«!is|-. 

[if 1 9 } TK©ffifigiCTS^ :it^wmt 

TxMyRzBwEv 

fcTt'L, TttFe, Co, N i © 5 1 ai^A±©7E*S: 
«t)L, M^d;Zr, Nb, Ta, Hf. T i . V, M 
o, W©5-fe ia£H±©7t;^5rSt)U, Rit^±m7t^ 
(Do-^im&.±<D7tm^^t:>l', E«Cr, Al, P 
t, Ru, Rh. Pd,.Os, I r, Cu, Ag, A 
u, Ga, Ge©-5*. lffiiy.±©7C^^«*^t"tt*) 
fc, ffifiKitS'^Tx, y, z, w, v\tm^%X\ 5 0 
^x, O^y^lS. 3^z^20, 2 2 0 , 0 

^v^ 1 QX'$)^o 
[m^m2 0] iltBfflfiESf ©ffljSJtSr^tx, y. 
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z. w, v«lH-f%T, x= 1 0 0 -y- z -w- V, 
l^y^3, 3^z^7, 3^w^5, 0. l^v^5 

[W*«2-2] mlEffifi£iC*omfieJt^^-rx> y; • 
z, w, v«II^%f, 86^x^93, l^y^3. 
3^z^7, 3^w^5, 0. 1 ^ STS-SCltSr 

[W^:^ 2 3 ] 1 ~ 2 2 (D l>fn*^ {CfE««51 

^tt**^(C^5l/iT, S i A^TjC^a^T 0 . 5~5J^^ 

%m^-^ nxti ^z.t. srittgjt 

[0 0 0 1] 

^\ #5^>->a J?^-:?. -fe>-y-! ^r-rS', 7^5^a.X- 
[0 0 0 2] 

(Al-Ni-Co-Fe J: 0 t>Snfc14tgSr 

W-r^®mtt**i|£tibTtt. Sm-Co^M5. Nd- 

fig a 3t b T S m - F e - N JS^S/J: i* ©fr b I 

[0 0 0 3] 

[^HJ*^^SttLJ;5i:-r^^e] b*>L, Cltiero®^ 
1 0J^T%£A±ONd, S;t«81^^%£tJL 

7^oTbS^ili^^ll:<>5*-D/t. Nd-Fe- 
?*M*^/h$V^®5Ta&^:^?^. N d - F e - B l^fiSSJ: 0 

5 (Al-N i -Co-Fe^^5) «, m<t;©?fiS^ 

[0 0 0 4] *1S^BJ^^>«, finT. hTiftli 



(3) 

4 

8 8 2 2^, !|t®¥8 - 2 4 2 3 5 6;ii*fC:tetiT!HffF 
tCJ;n«, Fei&^fi£5i-tL. Zr. Nb. Ta. H 

f, Ti, V, Mo, W<D5-6 ia*;tts2aj^Ji±*^e> 

^fflV^Tf^SLfc^, te^fBK^#<£6 0 0-9 0 or 
Tf^SaSLT. b c c ©F e F e - B ©fk-&tJ*33: 
10 tX/S;t«R2F ei4Bi<&±^!^i:-r^¥15SgSiSSl 0 

( I r ) *^'0 . 8 ~ 1 . 3 T, ( i H c ) 7 

0~3 0 0 kA/m, *:^m»X^JU^-a ( (BH) 

max) *^6o~i lok s xm^<Dit^mm^mmn.^^ 
[0 0 0 5] :^^mit±iimm\zm^Tfs.-^nrzh<D 

[0 0 0 6] 

mmit. Fe, Co. N i <Do-^(DimSl±(D7tmT 

^mtl 1 k O e £^±(D A- HJ^tiffi t. Sr^n^'n 1 0 v 
o 1 mm) %fiA±-g-tf^^A^e.J5:D. A-5 7>X« 
2 <i: ;^ -5 J^^Tffiffl L t * O^lb WlSS^Sc 
0 . 15 %XKI£kTX$, V . ^mtlf)^ 1 k O 

unit. ^n.'j-taa*^*6 0 o-c^iroKttfflt^^^u 
40 -fi^A?6 0 o'cj^ATromttffit^&^n^'ni 0 V o 1 

2 t ^ J^^^T^ffl L t ^ wa^bOTjus^isroi^ 
*ffit/0^O. 1 5%/K&.'fX'$)<0. ^mM^kOeSl 
±X'$>^Z.t^Wl^tT^. 

[0 0 0 7] :^^m(Dmm^mMt. Fe, Co, Ni 
©•5*. iaR±07t;*Ti, ^&±S7Cll©5*>ro IffltA 

©fiS^&WJ6^{g*^ 0 . 3 5%/KeHTT^O, -RIS 
kOeeA±T^.5rt^!|tl^<h-r-2>. ^fz. *^ 
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vol mw) xiiKiz.'^ts-b^t^^is.Ki. mi.ti<D-us. 

3.ij-i&s*^6 0 ccfi^TofiSttffii^&^n^'ni o v 

0 1 mm) %£A±-^tj^^*^e/^to, ^skmijo^^^ 

[0 0 0 8] i^%m(r>mm'&imm\-t. ^\zmm(Dmm'i&. lo 

mPr-G^nX. 10 0 nmeiT<D^8B^S 

i,>Ti 0K/:ji'ei±cD»iaiis-ef^«as$nT;^c^fe<D 
f^mvtzt.^(Dm.it<D^&%^(Dmnm^o. 10%/ 

fB®<7)®m^4^^i^T$. o t. s^a*^ 1 0 0 r (Dum. 

irt. mzmm(DmmmmT'$>':>T. ^mf]i!)^2]^oe 

(Dmmmm\t. ^iztim-o^mmmmx' $>■::> t. ^in 
i^^b (I s) \znir^mmmit (i r) ©fij^ (i r/ 

1 s) 0. 6^±(Dh<D-c$)^:it^!i^mfr^o 
[0 0 10] :$^mm<Dmm^mm. ^iztmcDmrn^i 

^mx$>^T, Tmm.e^A^mL. >&^o, m^m<t (i 

r) *51 0 0 emu/get±OfecDTfe^i:t<&i|tmi 

"^•5o 40 

TxMyRzBw 

TttFe, Co, N i iaj^±07C^<£ 
MttZr, Nb, Ta. Hf. Ti. V. M 

(Dv-^im&.±(^7im^^t>-rtLhi,z. m^it^^-r 

X. y. ^^/^tm^%T\ 5 0^x, 0^y^l5> 
3^2^20. 2^w^20Tab-5. 

[0 0 11] sn, ±iHffifiKif:4'roffifi£it^^-rx, 

y, z, w. H|jS-?'%T. x= 1 0 0 -y - z -w, 1 
^y^5, 3^z^l0. 3^w^7Tafe-5)C:i7jt$?* so 
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L<. TC^TWSflBgffiBxAtS 0^x^9 3TS-5i:M 

X, y, z, w«i^^%T, x=10 0-y-z-w, 
l^y^3. 3^z^7, 3^w^5T?*^;it*W^ 

[0 0 12] ^Tz. ^^mcDmmmmit. ^\zfim<D 

TxMyRzBwEv 

TztzL. T«Fe, Co, N i ©5*, 1 ai^i±07U*$ 
mitoL. MKZr, Nb. Ta, Hf, Ti, V, M 

o, ■w<Do^imsx±(D7im^»t>v, R\t^±m7i.m 

(D-o-^im&.±<D7tm^mt)L. EtSCr, Al, P 
t, Ru, Rh, Pd, Os, I r, Cu, Ag, A 
u, Ga, Ge(Dz)^mSl±<r)7im^&io-rtth 
fC, MfigJti&^-rx, y, z, w, v«MT%T, 5 0 
^x, O^y^lS, 3^z^20, 2^w^2 0, 0 
^v^ 1 OT25-2)o 
[0 0 13] SJC, ±fEfflfiKiC4'®fflfigJtS:^-rx, 
y, z. w. vttM^^%T, 8 0^x^9 3, l^y^ 
5. 3^z^l0, 3^w^7, O^y ^ 5f fe-SCli: 

X, y, z, w, vttlS^%T, x=100-y-z- 
w-v, l^y^3, 3^z^7, 3 5 , 0. 1 

xyO^S 6^x^9 3 tr^ihHtCjf *Ut.i. ^fc, *^ 
[0 0 14] 

mmo:>^m<Dmm] ^mm(Dmm(DMmiz'::>\,^ 
Twv<mmr^. :/^mm(Dmmmim-i^ pe, c 

o, N i(Dv^l®&.±(r>7cMTii. ^±®7c^©-5-fe 

D, /1-5 7>7.^»j5t2iii,±<J:;^^J^t>cT'<sefflb;ti: 
^<7)mOiaS«^m©?fi*fM75tO. 1 5%/KJJ;lTTJb 

mm<DmmiimMt, Pe, co, n i <^-5-fe iaij(.± 

^fii;5tO. 3 5%/Ki^TT*0, ■^m^JdU kOe« 
[0 0 15] m5W»<7)#tt«, b7.-7^U>'7.fiJg(Dm 

2^m<D^^. -ffsiio-^mm^mtz^-Dxm-^n^, m 

#, Kmno^riz^^(Dx\ ^(DWsi^.^ i^mcDm^m 
m (B) tmm^ (h) ) mmmm±<D-j^p\z^ 

<&/^-5T>xfi^^ (p) , ptm!^om(Dm (OP) 
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<nt-5*)«T*0v m^i± P=l. 5(Dfc«ttRgJ^ 

^SC (p) tRJK^^Sc (N) <h<Drat'«. TIBSC 
(1) 

p= (1-N) /N • • • (1) 

j^4^:>5^-^x -^(Dmi^.^ (Br H) "tt^^^n 

(U) tt, TSEiE: (2) 
U=BHV/2 • • • (2) 

■5o 5i4'S^i!)f^^PiTU©ffi*s*;>Ct;^C.D, 

(BH) (Dmtm±mm.:i^^)i^^-m ( (bh) ma 

x) T'*-5o 

[0 0 16] *»?^ii^^egjstt*jf4^-t>it^tc^ffl 

S!cCD*g?*tt*^'0. 1 5%/K£AT<i:/h$V5=fe(OTife-5(D 

f)^0. 3 5 !HftC^S~ 1 0 CCroSStSH 

TO. 3 0 S^/Kt/h^Vi^feCDT^-SCDT', ^iZf^MCD 

■ty-^mizmmt^^ih^^x'^^, ^^m<Dmm 
^^iscTsn oei±<h^t^j:^^i:jgi^cT<£ffl-r^w*^% mit « 

J; 0 ®ns .-ST J; 0 »S b li. 

[0 0 17] ^mm<Dmm^mm. A-5 7>x^i( 

ifSMfii*^0. 1 J:0$fSL<tt0. 10 

d - F e - B ?^m^tmmi}^'tn 



s 

fct#om{kOfig«S©iffi*fffi*«0. 11-0. 15 
%/KC*fLT. A-^7>XW>mf>^l 0&>±tf3.^M 

«TffifflLfci:fr©fiS{fcroi&s«^®«e*fffl*^o. 0 8 

\z. ^mm(ommmmit. tje^soNd-Fe-BjR© 

a5O«m:b<Dfig«S(Dje*tffl*^0. 3 5-0. 4% 

/Kx$>^(oiznvx, ^mt)(Dummw<Dm'nm-^^ - 
■5. ^ia~i 0 ox:(DWim^mx(D^mt}(D^m 

S i StTtcSB^TO. 5~5M^%^][lP*-5Vi«T7c 
^■fCCoTj^O. 5 — 2 0 %-g-^n-5J;pC-r-5il<tfC 

[0018] ^fc, *^B^®Siai4**i^tt, ■ffiiS;': 1 k 

;t; l kOeR±©A-K^tt*at^^n^ni 0 v o 1 
(#:«) %£A±^^, (iHc) f]UkOelik± 

(DhOX^-oX^X^K :i(D^vtZ^mtl 1 kOetAT 
WV7hmtt+i^fctt2pA-H6814fflt, «m:^lkO 

t7J^-e^^,^T»*LVi„ fiSa;^l kOe£ilT®V:7h 
a^4^a^fc«^A- KiittfflTiu 0 V o 1 mm) %* 

1, A- \^m\iniZ'^^my3iN dttn^^^K 
0. m^mit (I r) t)<gT-r^©T$f^L<^£ 

o 1 %*«Ta&Si:, UMiJ (iHc) *^M< 

75:Sfc»e)»*L<;^i.io ■^a:^ 1 kOelJtTrov^ 
ttt@^fcttqSA-H^ttffi®$fSbli^«tt2 0-6 
Ovol ii^m) %X$>K). ^mtllkOe&.±(D/\- 

K®ttffl©»sLii-^^»tt4 0 — 8 0 V o 1 mm) 
[0019] Hfd, ^mm(Dmmmmit. umti i k 
ai4+Bt?r-tn-^*ni Ovol (^a) %iii±^^, « 

a;^jraiag!#^©*e3ic*fit:^^0. 3 5%/KJi^TT"$>0, 
^a;'375n kOetJl±©feC0T*oT=feJ;ii, CCDJ;-5 
iz^mf] 1 kOeiy.TWV7 hiSttfflt^^m:^ 1 kOe 

^i^±(DA-Hmtt^ii£±3^E©^fflT^^T^i-g>t, ±m 

[0 0 2 0] Sfc. *:^BJ<Z)?SiH4«i^«, ^^'J-S 
^75^6 0 0'CJil±<Dattfflt=^-iL'J-iaS*^*6 0 O-CEi 

T©ait+gt^^en^*ni Ovol mm) %a±^ 
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filA-5iIt75^T^^.^T»^LV>. ^ntt. bcc-F 
effl<D=^3.'J-M««7 7 0*C^jfi-efel9. R2Fei4 

£tT©BStt*§ t^-^tri^?S*^*^. ^^S. 'J-^Ja^:^^6 0 

Ot:J&l±®^'t4ffi/5»n 0 V o 1 .10 

iaa:«i^*6 0 o"ceAT«mtt^S7j^ i o v o i %* 

(iHc) ;5i<S<75:OSf^b<^li. ^3.U-SS75^6 

0 0'Cm±Wffi5t4ffi<DSfSbVi-&««, 2 0~6 0 V 

01 (#:«) =^^3.U-iaS75^6 0 orii^T© 
attffiCD»^LV>-&Wa«4 0~8 0 V o 1 

[0 0 2 1 ] Sfc, *«B^ro@!J^tt^^i|s}«, ^fi^^SS 20 

SI 0 o■nmJiAT©^^ffl^SfBM^a^:±#tUT■&^T-^3 

TObcc-Feffit, 0 0 nmiy.TcD 

R2Fei4Bta*>**/TtiibTVi^„ *%B^CD51JtS 
±t3©b c c-Fe*ai:R2F ei4B+i©ii: 

ta i: T -5 A^'l^fflia ^ nXiiS: S © T S o T t) J: . 

l^. *:^B^CD?sgait«*4©#< b c c - F e+9*/t 
«F esBfflSitttF e2B^a7&i. ^^fflSHioTfliKO^i 
(R2Fei4Bffl) J;0 fc*<*fTtll-r^l'^t)(0^*J3tST 

[0 0 2 2] *^BJ(C'^?)?Sai±**!^tt, ■K?^ 

;tJ ( i He) ;i5«2 kOe£i±(73fc©Tib^c:<h75W^b « 

s) \Zt^-r^^mmi\: (I r) OtiJ^ (I r/I s) 
Ti^, 0. 6JJA±CDtjCQT$.^iIi:*W$Lli= 
*^?gtC*3ViT^?om{b (Is) f^Ki^fC 1 5 k O e jy. 

^. f^jas^^tt, m^mUS. {7::^-M^ 50 



[0 0 2 3] *!^^(C'^SJS?tStt^^!^tt, lilT©mfig^ 
TxMyRzBw 

iiBSfiK^tfOTK, mifmz-^Wifi^Ttmu. R, B 
0^^ft?rSL?lVifc^g|5T^SAi. Fe, Co, Ni 

^BJtc^^SEj^tttJSpKTD^fiK^i-TabD, MliSrS^TC* 
"T"S^/c:is?)r TC^T 07MBEJt X « 5 0 " ' 

^, 7t;^T(DmfieJtx^iiJPS-&^i:, -^ntr#oT^ 
ftjait; (Is) d^lijp-r^. 1 0 0 emu/gtA±CDia 
V>5S@m{b (I r) i&^^-r^Ac«)»CJi, ^SHaft (I 
s) ;!)til>fi<it)l 3 0 emu/gtti£;>gT^O, 
^fcT ttTC^ T CD ffifiglt X « 8 0 I^^^ % £A±T * ^ 

V^o ^J?/^®m«itt14$r#^fcis£)tCtt9 31^^% 

[0 0 2 4] ±fBffifiK^4'CDMH, Zr. Nb, Ta, 
Hf, Ti, V, Mo, W(D5-^ iaR±<D7C^S:*fc 

*J^B^tC^S®^14^*Jf(c43V^T, 7t;^M$:^j!]D-r?>;i 

r) «it»a-rs:^i, (iHc) ;^)^<g;Tb, mM.m. 

3gTM^T7C*M^tiSDS-&St, t&?ni^{t; (Is). 
Smfk (I r) <DU'J>f)^^C^o Se-pT, 

7CS^MCDmfi£JtyttOJl^%a± 

fc, l^^%e^±3I^^%eiTi:-r§tJE(:«F*tti. 
[0 0 2 5] ±tBffifiEiCtf'<75R«, ^±S7t;^ (Sc. 

La. Ce, Pr, Nd. Pm. Sm, Eu. G 
d, Tb, Dy, Ho, Er, Tm, Yb, ii^ZSL 
u) iaEA±®7C*2:«t>-r. TvMRtFet 

Bt^^ts4lF^m^±nt-t^^^^8 7 3-1 1 7 3 
K (6 0 0~9 0 0*C) ©tBfflroSmfiSTSDl^bfc 

<h^twWai-r§^srBm^#iR2F e uBit. ^mM(D 
mmmmizmntzmm^'i^^^n^t'^ toTs.^. 
7c«R©ffijigjtz ^JijD^-&^t, -^-nic^oTtaftm 

( I r) *^i^i!>-r ^. I 0 0 emu/gtA±(DiS5l'^S 
(I r) ^»^?c8e)tCtt, ^fn^ft (Is) *^'> 
:^d:< ifc 1 3 0 emu/g«i£^ST*t3, :in^^fe-r 
fcfe(C«7C^R©ffifiEltz«2 01^^%£ATTS.?)C:<h 
Atii^Li,i„ S;^cx;^R«#SR5rJ^j5£b^Vi7C^T* 
0, 5E^R(Dfflfieitz75^/h$31^*^<i:S^m#ftK+B* 
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;/ 

(It) t^mtl (iHc) ^mA-^'it^rztbiZit. 1 

[0 0 2 6] ±fBm^s;4'<7)Bti, ^^^BW^m^h^i^ 

TESTS ^. Sfc. TC^RtFe tBt^^m^^HKffl 
Sr873~l 173 K-t 6 0 0 ~ 9 0 0"C) 'CDlSHCOji 

^;^iasT^jasbfct*twai-rs{b^i|^R2F e 14 
BOTffifigitwcDiijDfr^oT^inm'ft (Is). 

(I r) , *3j;ZJt<^®;^j (iHc) tim'p-t^<DX\ 

[0 0 2 7] sfc, ^^m(Dmmmm\zit. cr. a 

K Pt, Ru, Rh, Pd, Os, Ir, Cu, A 
g, Au, Ga. Ge<Dot>im&>±(D7iBEt)^mi}a^ 

TxMyRzBwEv 

m^^TtmU. R, B, E(D-&*a?:gL?IVifcSg|5T 
a&^75J. ^fP^Yk (I s) ^liJD$-a-?),^d^?,ffSL< 
its 0m^%&s±. J:t3»^b<«8 Og^%jy.±9 3 
M^%e;T©l5STibO. 1 0 0 emu/gt;^±(7)iSVi 
^ga^k (I r) tllSi\^^Um.tl (iHc) OjS^iz:^;!!^ 
■r^fci*lr«8 6M^^%«±9 3I^T-%£AT©f5Hi:-r 

%iilT©ISHTibO, 1 0 0 emu/ge;±<Di^Vi?S@ 

mit (I r) ^ii^-r^fc»?)tc«. is^^%ii^±3®^^ 

g^Yb (I r) ^m^TztbiZlt. m^lt^O. sm^X 
[0 0 2 8] ±IBm^S;4'ro5c*R<75ffiBfeitz 

L<tt3|gT%£A±2 0M^^%tiT. J;"3WSL<«3 
II^=^%t;l±l 0IST%ii^T<7)ISHT*l9. lOOemu 

/gjit±®ii;vijsgm{b (i r) ^mmt^tztbizit. 
«afigiC4>«B(DsafiEikwtt, mu^^mnm^r^imm 

^■^aKtB » ^ * 2 % JE^± i f ^ W d^a $ b 
2 0m^%&.T. ^f)tff^L<\t7m^%SKT. 



(7) 

m-^n^:it\z^-ormm^MncDm'km^f^±. hh 

<it. i^Sffii»®«{bi&{Sji^1tS^<!:75i-C#^. 
oT, ^SE<DlififiS;Jtv«, 0. im^%&.±T'$)^ZL 

^n^. Sfc, 100 emuXg&.±(DM^^^^mt 
( I. r) ^m^T^rz>t>tZ\tr7cmE'S:miJaLU\^'^^f)^ 

[0 0 2 9] *^Bj©®fiSW^ici3t/iT, Ttmr^iz 

F eSk^MzCoi^^^n^^olZ-rtm. /t-5 7>7. 

&%^<Dmnm^'i^^ <-r^zi t-A^T^^.^xttf^ v 

U -iaS;^)^±#-r^©T. m^«5S:^<7)?aS^{b*^/h 
■^<fiY). Sfc. M{bcOftSlt75^ig<?^tS^cJ6aa#tt 
20 CDtaS^-fbd^Vh^ < 0 , -^^iz. CCOCo^bcc- 

F effl(cfe-&sn^©-e. ss^fb<73?a^^ft3!)^'/h$< 

tji^it)^ibX$>^, Co©-g-*»«, 
Sr^{b;^-B-s©-e. »^L<tt5 OM^%eiT, J;Ojif 
*L<«0. 5J^T%ii;±3 OM^%etT, ^^.tCjff* 
K«0. 51^^%£^±2 OM^^%aT©SaH<i:$n, 

[0 0 3 0] ^fc, *%BJcDeg{^tt^?!pftC43liT, S i 
30 He) , i=i:Umi^m.nx.^J\y=^-m ( (BH) max) 
2 ii^± 1 7S ^ J^4^tTffiffl U i ^ ®a{b<7)igg^^ 

0S.]t-Am<fj.^rztb\zmmmm(Dm%!^iim^K-oT 

T, =tO«^Sb<«0. 51Ii^%m±3IS^^%RTOiffi 

Hisn, ■^^mm^mmm^f^mizit^cxm:^^^ 

[0 0 3 1] *fgBJ{c9^^«HSt4tJ*5f«, iilT 

<D^oizLxmm-t^:it^)^X'^^o ±ai© J: 575:^^0 

m^i^&mmw<pizmtiiLxmm'^mxM.}^i.xt»^^ 
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[0 0 3 2] I^MaB#©»M3S«tt, 1 0 
»^L<«1 0 0 K/ii-ejl±©f5HT, l^faM^^fflt 

: - f •5^^©ffifiEtr,i; Off* b < ^^trs; Mffia^ro 

c (#:'L>3[::&i^ig) -Fe) ir/N-h'SSttffl (R2Fe 

14 B) s!a^#tt75i^feMk-r 
oK/^^jji±<DigHi:-r^e:tnj;o, mmmm(D^- 

tt, gB±(DfiJ*<J*^^., 2 0 OK/^J-SSi^n-l), 

[0 0 3 3] m\z. #^rH«ffi<&^ffli-rs^^^i^«is 

5 OK/^i-iUitT^iltlCctO, Mfc®nfc®a»4# 

5!ia{Ci;-:?Ttffai-rs^rB#tC«b c c -F effl (y:7 
h^ttffl) , R2Fei4B (A- FSttffl) SlUT e^B 

ttJ-r^ffi (SOtB) «i^J^«bc c-FeffiSfcttFe 

frs^^cDffifi£lcJ;^TS;SO, ^J;^tf5 0 0~6 5 
0*C©«gHl^T"i&^o *fc, b c c -F effi7!)^?Dffi<i:b 

^ffJ-Wffi-r^bc c-Feffl©i^FBK[;5^ffi:'cib-r^fc 
i*, V^h^ttffl (bcc (^^-L^ity^^ig) -Fe) t 
A-Hmttffl (R2Fei4B) <D3Smil§^#tt*^i£T 

^BKffl<D«[]ffl;J5#rai-r^taa®HT®#tM3i^Sr 5 0 K 
/^^e(±©«Bffl<h-r-5C<»:tCct<9, bcc-Feffi(DiS 

[0 0 3 4] ±mo^t>f-¥Bm^^^^tr^-^^(Dm.mp^ 
€1^, m95^mn\z\-x^nib(D\^^'Mo}^^^mtiyX^ 

^Bmcomm (bcc-Feffi) Ti^fiJtS-r-So 

m-um&f}^iz^^^ii. m<D^^mm^'^<fiy}. bcc 
nmt. ^ummz^^-t^(DX\ h c c - f effl©M 

tt^t, b c c -F e+S<Diet|f-(DgC^*^^>R2F e 14B 



(8) 

K/^&,±\z-r^!i!:"m\iu^\ rz'f e \4Bm<Dn^(D 
^&mm<D^^mt b c c - f e m<D^-^^ 'o%:k^ 

75^, *%BJH43liT«, b c c-F em(D^^mmz 
^^<*ftiibTi3 0. ^^mm,'PiZi=»^hc c-F e 

m<Df&^i&.<D^tf)^wmti^i<t<u^x\^^^rztb\z. r 
2F e \4Bmmm-r^7.^-xtimn&3iz/\^^ < f3i 
■ ' 0, R2F ei4B*a75^tffmt-'&ia^«sffltc*3itswiaa 

10 OK/^i-^iSTSoT*), R2Fei4BfflCDiag 

>i^*/jN$<;^t-5. tJ^D, R2F e i4Btl(DSagH, SJffl 
( b c c - F e ffl) (Dt;tffi-r^tgSt5HT®»iajigt 

?SaffitJ^lC*5ViT«, b c c - F e ffiW^faS 

©^ffltc, R2Fei4Bffl<D^S<a[7i^*^&WttiUfcJg«l 
^75:0, be c-Fe=fatR2Fei4B*at<;D32m^^ 

[0 0 3 5] (.7--)VUS.) 
20 tt, ff* L.<(j:8 7 3 — 1 1 7 3K (6 0 0~9 0 0 
■C) , J;D»*L<tt973K~1023K (700~ 

soot:) ©isffl, ■RjtBtra mMmmm) ttff*L< 

IJ0~6 0^J-, J;0|ff*b<tt3~l OtJi-WlEHT', # 
^« ISifflgiSS*^8 7 3K (6 0 or) 

?iM^#tt<&a-5 R2F e uBm(Dmihm^^'pti.^^rzi!b 
MSias:^n 1 7 3 K (9 0 0*0 ^m^^t, tecow 

[0 0 3 6] mi\t. 

A^?>/^t^m5HI5. 2tt::<De5gBl <£r3^j$-rSfc*C03& 
w^x$)^. ±mm^^i\t. /'?- = 7>7.^m*^*^ 5 

umm^cDmnm-fj^o. i 3%xki^tx$>o. ^m-ti 

hxmfi>nrzPi^^<Dmm.^5i)^iitji^h(Dx$>^o 
[0 0 3 7] mmi^m(D-ii-^—)i^-!fiy'>'^3^-^mm^ 
iz$>-oxii. :^ftm\z%^mmitMn\if}^'E>f£^miE^ 

1 e. n;'c ei i J; 0 , 7 X 5 -T h ms-^ N 

d - F e^B^^m^^D^m^mmm^^rzitmnx 

60 -F e -Bl^a5cJ;0{g;:3X hT$iO. iiEJRco^x^'f 



15 

[0 0 3 8] 0 2«. :>^%^(Dmmmm^m.%^u- 

•• titioT^®lc*m$nT;i-^t)<DTr*§. •^tz.'~Z.(D' 

□_^ij_x>=i-^ffl^5i 0«, fiS^bcDjas^SS:© 

eftS«^»as<«^mT^c:i:*^-e^^. sfc, use 

iJe*<7)Sm-Co«^5^Nd-Fe-BISa5J: 
[0 0 3 9] 03«. *%HJcOg!mtt*Ji^^Xt!-*Iffl 

«(Dffiia^'i> O-i') ,2 3, 2 4«#— ;i/hf— 7,2 
1 ta-^ 2 2®RirBl<D±TH^n-^'tlSB«$nf::*^ 

S'fcWTS)So C:n?,fiS52 3, 2 4{Cj;t3f^e.n^a 

2 5 ^EbA^L, ^ t bTSfel^T^ i 

[0 0 4 0] (7)0ijCOXfcf-*ffli^5tC$>-:)T«, * 
^l^(C«S®att*!r!^i4*^^;^-5a52 3, 24;6«fflli 

-Co?S^5^Nd-F e-BS^Si:0i£n7. hTS 

[0 0 4 1] 0 4«, *^|^CD®»*J**^7.b!-*ffl 
^. 04'??-^3 1, 3 2tt*flS]ia«^tl/t±T-^iKD®fe 

A^e)i^c^3i^-;utf-x, 3 3«^5i^-;i/tf-::^3 1, 3 



(9) 

16 

2 cDH t Eggs nfc*5gHj co<^att*t ^35^ ^fi^mM, 
3 4tt;in^)©7}^-;i/tr-x3 1, 3 2]SLyJiK53 3© 

-5, ±fB7j?— ;Utf-7.3 1, 3 2, a5 3 3{i, 

3 7, 7>>->-V-3 8, -^--y h3 9{lJ;0mM->-;UH 

[0 0 4 2] ±)zEOSmi4«!|Sl.tt, mz. Fe, Co, 
N i iajJi±©7C*Ti:, #±?l7C*(D "fe W 1 

m&.±.t^^t^^7tmRL. Bt^^tf^^d^?.;^*?, A' 

- 5 T >7, ^» 2 J^± i ^ }^«T«effl Ufc i # 
ft:cofiS#m®*S?*ffl*^0. 1 

^(DX\ t^^^^x^-f b^Nd-F e -BlSaSiO 

fs.^^oum^T'm.mvtzm'^izm^xit. mm\tun 
0Mm^mmmti(D^m%mz:k^<mm-sn^^K 

f}^x^^(Dx. i^ai«^©m^tt=£[^±$ii-5;it7j«T 

30 ^i), 

[0 0 4 3] ^fz. :$^mM\z^^mmmmit. w-i^^ 

0 0 n 

m^TcDb c c - F efflt, ^l^^raiKg 1 0 0 nm^ 
TWRZF e i4Bti*^WaiUTVi-5<DT, 7 7 hSSttffi 

(bcc {#i'L^iL:^mm) -Fe) tA-h-i^ttffi (R 
2Fei4B) (7D32^^^i»tt*^l^±bT43 0, Sm^t 

( I r ) , :ftSJt ( I r / 1 s ) , ^mi] ( i H 
c) , *;>c5^^X^;U^-« ( (BH) max) A^iiJP 

mit (I r) tJU 0 0 emu/g£i±, $f^L<«l 3 
0 emu/gR±©iHKttt**4, (I r/I s) 

75^*0. 6ei.±, J?*b<«0. 7 Je^±CD?Sjai4TO, « 
(iHc) A^lkOeSk±. ff^\y<\t2kOeU 

±(Dmmmm. ft:^a^x^;i/^-a[ ( (bh) ma 

x) An 0 0 k J/m3$rSgA-5Mnfc®^tt^**45:^S 
[0 0 44] Sf)C, *^BBlr'S^51^1t**!^a. 
50 f,nS©T, Sm-Co^^fiSe-^Nd-Fe-BJSfi^S 
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(10) 
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[0 0 4 5] ^fc. ±32B©ffli^tt*ji^^s> ^.-^wmza, 

0K/^i-Jeil±i:-r^^:<i:tCj;i9. bcc-Feffi®«gS 

®bcc-Feffl<i:R2Fe i4BtiCD¥l^rgfHS4g5r?^ 

[0 0 4 6] R2F e i4Btg(c43t.iT«, te* 

be c-FeifSt|wigS®tSiae;^¥J^^S^g^*bT 
*5 0, be c-Feffl<7)^afei;^»^R2Fei4Bit§ 

d^'tfrmr-SeAWfr^^S^fiEiL, R2Fei4BlS*^*tfTaif 
S7.^-7.75^/h;^ <:^-pTl/i^C0T> R2Fei4Bffico 
^SSt(D;'c#$tt, R2Fei4Bffi<DWtti-r-2>JaSMJ^ 
t*3tj--5#S3iS(C'fe#-ti-r, «!]^S (bee -Fell) 

-D^D, fflffl (bce-Fe;fi) ©Ctas-T'Sfia^fflJSaT 
#MiiS<£:3i<-rS^tf-J;f3^ R2Fei4Bffi©Tl§ 
i^B^aSagd^M^bSn^. t^oT. bcc-Feffl®^ 
B^!KctR2F e i4Bifi©te^«ii©Pl3-&^5l*75^*i« < 
^19. V^hJSttffl (bee (#:'C.^AL*«jg) -Fe) 
tyN-Fi^tttg (R2Fei4B) 032^^^*^fTt3n^ 

r ) . ;ftS!Jt ( I r / I s ) , -ffia* ( i H c ) , %.-)^ 
S^X^;i/^-i« ( (BH) max) ^^ifilDb, gn;^cSi 

[0 0 4 7] *^BJtC'e^^51^tt*^!^tSoT 
tt, S i7E^<&T7t;5g«^T'0. 5~5®^%^JP, ^ 
•SVittTTC^'t'frF eJJAiT-tCC 0*^0. 5~5 0%^* 

0. 1 5%/K£JlT«%)«, #IC. /1-57>7.«^*^* 
1 0^Ji±<i:i^^J^4^Tffifflbfct#®®{t;O^BS#^<^ 



[0 0 4 8] 

fc= ;^v>t; tf enri^T^l^^^^^ I X ro-2F 
-^di^^m-i i^-~j'^^\z.^^-^-x. 8 OK/ 

5i-T?jDlSib. 7X-;i'Smi 023K (750 "C) 

1 8 oij'FBiffijt-r^^fr-r^MSLTff^n^^^^^ 

Vi-rn*)*^?^®|gHl^tcab§F eyeCoioN 
b2P r7B57i-5mfi£®^^-&^. Fe66Co2oNb2P 
r 7B5:^^ffifiKGD»«^^. F e84Nb2P r 7B5S i 2 

[0 0 4 9] #e,nfcllSS^J®«^-&^IS!^l3-OliT, 
VSM (Si!iia!|sfMm;^;th) <&fflV^T. lOkOe©^ 

'bmM^'&.nn-^^-^mMi.'-mA 9 0Ktr*5tt^M^a 

^ (m2^Rl) *a^Lfc. ^*$:0 5~ia7{C:^-rc 
HS—H?!^. -TttA— 5T>X^^ (p) *n 0 (;ft 

$>^i£^Tab-5= mmm. {%2^w) ^Ki-^^ 
tzM.^m'c (I r) ms'^m.ts (iHe) (Dum^it^ 
m 8 tc^-r. 

[0 0 5 0] SI irtt. ^ig«»J®»^^^ii)^© 

^iaT«®^#tt€:^-r. « 1 , I r / I s 

issi^ft (I s) \zn-r^^mmit (i r) cdw^ (^ 

^^t, p=l. 5, p=l 0 tU^m^izLTzii^CD 

[0 0 5 1] I18frtt, It^MthT'iit^CDy x-y-i h 
m^tNd-Fe-B?^ (Nd2Fe]4B) m^<Dmn. 

[0 0 5 2] 
[«1] 





Is(eaug ' ) 


f 

Ir(eiug-*) 1 iHc(kOe) 


Ir/Is 


Fe? eCoi oNbsPrvBs 


147.2 


1 

114.8 3.1 


0.78 


Fee eCoz oNb2Pr7B5 


156.3 


127.; 1 3.11 


0.81 


Fes 4Nb2Pr7B5Si2 


139.3 


105.2 3.62 

i 


0.755 
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[0 0 5 3] 



19 
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* * [S21 
Ir;SZfiHccDiS£^ (^a->'t^490 K ) 







alr/dT 


diHc/dT 


P=1.5cDi: gtcD 


?=i0<Ot^<O 






(XA) 




dI/dT(%/K) 


dI/dT(XA) 




Fes 8lR)2Pr5Bs 


-0.0 6 


-0. 43 


-0.3 8 


-0.12 


m 


Fe? eCoi o)ft>2Pr7Bs 


-0, 0 2 


-0. 28 


-0.2 0 


-0. 1 0 




FeefiC0.2qIft.2Pr.7B5. . 


r- 0. 0 2 


- 0 . 3 6 


-0. 3 3-- 


-----O-.- 0 8 




Fe8 4Nb2Pr7BsSi2 


-0. 02 


-0.3 2 


- 0 . 17 


-0.0 5 


it 


Fe? 7Kd] 6fi8 


-0, 16 


-0.4 






m. 


(Feo. eCoo.i }? 7Kdi sBs 


-0, 1 1 


-0.35 






m 




-0. 18 


! 

1 


. . i 
— ] 





[0 0 5 4] m8jsi.z^m2-A^ib. mmm(Dm^^^un 
(It) :&.i^umti (iHc) tj^'p-r^mi^fj^mtb^ 

n^o ^mtl(DMm%^ CdiHc/dT) ICOt/iT 
tt, HffitsjOF e88Nb2P r5B575:Sffi^®5Si^*s- 20 
0. 4 3 %/KT&0. Iti&mONd-F e-BJ^m 
5K>M (-0. 4%/K) lCieiifilTa5-5. — Co 

i^mMvrzmmmo:>m^^^m.ntnt. -o. 2 

8~-0. 3 6%XK tit^mcDF ejjNdi^B^om 

[0 0 5 5] m^m<[:<DUS.%m. (d I r/d 

T) fCt3ViT«, ^SS«SJ©Fe88Nb2P rsBs?^;^^ ao 
fiK©ISS*^-0. 0 6 JttJ««JCDNd-F 
e -BJ^jae (F e77Ndi5B8. (FecgCoo.]) 
TTNdisBsT'^^ffifiEWSSS) CDfii>^)^-0. 11~- 
0. 1 6 %/KT*^®J;:Jt^T{g;<i^C-pTVi.5. Cin 

(bcc-Fe^i) f)m&\.rciry^mm^mi.xi^ 
tzmmi^KDm^^^unr-it. i r (Disa^^&d^- 0 . « 

06*^^), F e66Co20Nb2P ryBs^^-Sffi^OlS^ 

[0 0 5 6] 0 9 ^mm(Dm^'^^un^ p = 1 . 
5, p = 1 0 t/cC-sjg^^T^n^'n^fflbfct^o^ta 

STW^m^t (I r) ©ffl^, E5~l3 7H^-rM6S 

T, fie*«Sm-Com5iNd-Fe-B?S®5 (N 
d2F e 146 75: -smjeX) i:$;p = l. 5, p = 10t;^j: so 



^m^x'^tn^n^mvfzt^cDmmmn: (i r) 

l^tcS^ F e 88N b 2N d 5B 5ife^fflfig(D!^«SA;i/^ 
(^^JES#:) t^i|£^S:tJ^Fe86Nb2P r 78575: -SmfiK 

5|5©Nd-F e -B^^5 (Nd2F e i4B^-5fflfi£) 

r. 

[0 0 5 7] S2&D:08~iai Od^e), p=l. 5<h 

«>iJTS2.F e84Nb2P r 7B5S i 2^C-5ffifiK<^BS»«Sg 
0. 17%/KTS.I9, Co^^jDb 
rcll;ffi«sjT$^F e76CoioNb2P rjB^tt^msS. 
t, Fe66Go20Nb2P r7B575:-5ffl^!K<DS^i|S^CD^^k 

oias«m«, ^n-t'n-0. 20%/K, -0. 33 

%/KTfei9, *fc, F e88Nb2P r 5B575:-5fflfiKO 

unom^tcDum^mt. - 0 . 3 8 %/Kt&iijg«»j 

•5. LA^b, p= 1 Oii«l/V'?- = 7>7.^SfcTr^^b 
fct#l:«. |I;^^JCDF e88Nb2Nd5B5^^ffifi6;W 
iSi^tt, ^fbtDiaS^^:*^- 0. 1 2%/KT*i9, 

vi^<DNd-F e-B^m^(Dmn:<Dumu^izmcm 

STS-S. — S i ^^iPbfc^JStSjCDF e84Nb2 
P r7B5S i 2?5:-5MfiS;<^eCi^«-0. 0 5 
0. C o^^JDbltllSfi^sjroF eeeC 020Nb2P r 7B 
ST&^fflfigcDSEWi- 0. 0 8%/Ki$^,tcMS(;:c}; 

= 1 0 i75:^^^^T<£fflL/iit-t«, HISt^iJcD^^^ 

4f t::, F eeeC 020Nb2P r7B5;^^SafiS;® 
iSilSftt. 300~430K (27~157*C) ggCDil 

ffliaStBH(ci3iiT^ft;(Diag«l&(Di^*fffl75^/h^ < , 

itii^^iijcD s m- c o ?fi6i5i p cmmtDmnrzumw^ 

<&WLT:feO. tt;SJ«ajG)Nd2F ei4B««S5ctOfeia 
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[0 0 5 8] «2sa^0 8~0i oji^e., %^m<r>im 

/"?-5 7>7.#^:»5i2J!J;^±T<55ffl-rntfJttJfiaj<DN 
d2F e 14B JS^5CDm<b(Dfia!«iacD^*fffli|S|i;ii 

/KJ;t)t)/JN$!^ffl75^?ie)nT*3t3v JtlS^ajCDNd-F 
e - B %Wai^ 0 fc<^<t:©MS«^®*e*f ffi*^*/jN$ < . 

[0 0 5-9] (||^«»12)-||gJ««J12:|S|^lrCT. Fe 
90Nb2Nd5B3, F e ggN b2N d5B4, Fe89Nb2 
Nd4B5, F eygC o ioNb2Nd4B5;a;i^J5E©S^ = 
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M (S»tii|B|-Ma;f)tt)- <&ffltiT. 1 OkOefDB^SP^ 
«4'Sy^*S*T'SS~*5 1 6 O'CtCiJtt^j^mtt^ 

S^S3{:5^T. ^fc, «3H«, tS*<7)Fe77Ndi5 
B8' (F eo. 9C00. 1) 77Ndi5B87S^ffi^©^S^ 
^K^Sf(Z)^a~2 0 o'Clcfett^ffi^;^©®*^^^^ 

- u.'&h'^m.-n (iHc) tcDH^^&^T, — - 

[0 0 6 0] 

[a 3] 
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44 *c. 
a a - 6 & x 
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aa^ 5 6 X 
aa-- 7 7x 
aa- 9 7x 

aa-- 1 1 5 x 
a a 1 3 7 X 
a a t 5 8 X 


- 0 . 3 1 

- 0 . 2 8 
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- 0 . 3 0 

- 0 . 3 0 
-'0 2 9 


F e r * N d 1 s B • 


aa— 200 X i -0 40 
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<Fe«.fCOc.i) rTNdicBa 
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aa— 2 0 0 X ; - 0 . 35 



[0 0 6 1] SSTBje.A^JS.t'SlC^ *jliS«SJ(D^^-& 40 

«^^;^;(Dias«^<7)iig^(i75Ui-rnfeo. 3 

5%/KJ;»3fciS</j:-:>T*5D, '§mti<n>m.^mUi^>h 
■^K^z.t.ii'^i^ij^^. m\z. 0 0*C-CCD«ES:t( 

©ra^^^®*6*ffa/{)^0. 3 0 %/KRT<i:^0, iBS 
!NFttH©nTI.^^:it75^t)*^^o tS*©Fe77N 
di5B8. (Feo. 9C00. 1) 77Nd i5B87i^i^^«^ 

n^'no. 0. 3 5%/K-e*o> 

0»=^^^sEf4J;i9fe:'c^<fj:oTV^-5. El l 1 

*^^,§Ue,*^;iCct-pt, iaS(D±#<!:<hfc(C'eSi^:^ (iH so 



c) *^*^^*nceTLTt.i^. fie 
^^KM (^XJa5) .^^am-t> 

He) «^{t;*MN^V^fcJ6(C. a 

[0 0 6 2] mmm 3 ) 

88N b2N d 5B5/c£-5ffifiK<D<^?&ji 

1 8 o^Femjt-r -s^^^Ti^jas 



#LT=fe, ffies* ( i 

1 b.WM.\z.\^X. F e 
1X1 0-2p a£AT<^) 

5 o'c^TftfiL. m 

{COl.>T«, 012 
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fr^-rj;p{::. (.2TC) *^f,Ti*T l 8 O K/ 
Ti*ie)7 5 0'C (1 0 2 3K) ^T3K/5J-i: 
Ti<£2 7~7 5 OroSBfflTSiWftfceStC^S 

ii^Ef^#^Cc jElc, 01 3lc^-rJ;5{r. (2 7 
■C) *>e>T2ST3 T2*^e) 7 5 O'CSTl 8 0 

K/'^tV. T2?&2 7~7 5 0*C<7)iSBHT'iS^«(Cffi 

fcW-^^ISi^^^^c. 

[0 0 6 3] %f^m^^^lZ-O^^X. #iaiiS^6~4 
0 K/5J-tLTDSCj|iJ^ (5^g^4lgiltS!l^) ^rfro 

t). 5 0 0~6 5 CCOtBSC^DliT, bcc-Feffl 
O^gS-fttJc^^Sitf— i7A?58|g$n-5. ^fc. 6 5 0 
'C&,±o:)Ummm\Z^^^X. Nd2Fei4Bffi©if^S{b 

[0 0 6 4] TiSr2 7~7 5 O'CCDlBHTeSfC^it; 

Jt (I r/I s) . ■ffi^:^ (iHc) WTi<Dft#tt$r 

tr, Ti*t5 0 OrtATTta. I r, Ir/Is, iH 

ntt, 0i2*^e., titjss 0 o*c^TT«, ^Wimm 

3 K/:y-©jaS®HcDTEg*^*5 0 0'CJ^Tt;^D, be 
c -F e*iC5#f{ii-r-SiBa[SSH (500~650'C) X 
#S3SS?7!)S<£<i^^©-C. b c c - F e ffl(D%^1^ii-'r 
h?S*iMi!^b, iS^Wtb c c -F effi&D^b c c -F 
effiOSK^^etlTffiL^rgfi-r ^Nd2F e HBffi©^^ 

iaSffifflji^e 5 0~7 5 0"CCD«-& (Ti^te 5 o-c) 

Nd2F e i4B^i©tlfHi-r-5iaStBH{C*3ViT# 
?ajiS*^*<£</feoTli^, Nd2F eHBfflcD^gSSO 

it. mibntzmm^^uno^mm^i^mmi 5\z^.-r 

^o\zS.ttf-X$>^rzo Z.n\tt. ai^SMiSSTTb c c 
-F effl«^B^B)S*^Kt»^<Waib, Nd2Fei4B 

Nd2F ei4BffiOWtti©^©f5SiKE(^fiKfi;0^ffl$iJ 

-5. 

[0 0 6 5] :^\Z, Ti^2 7~7 5 0"C(DlSHTffi-t 

lc^ft^-&T#^nfc«^^^Bt*5K7)JSSmfk (I 
r) . (I r/I s) , (iHc) (DTi 

T275^*6 5 0'C£A±Tta> J^^mit (I 
r ) , Jt ( I r / 1 s ) , (iHc) i)m 

013><)^e,, T2A^6 5 0'C£A±T(J, 3 K/ 

5)-OSSI5HcD ±IS*^6 5 0'Ctt±i:;^CD. bcc- 
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F eJfacO^ftffi-T'&iaSISH (500~650'C) 
M.mSM^<-tS.^<DX. b c c -F effl©^Siiad^ffi:?c 
-fbt. Nd2F e i4Bfflt(D52m^-&^i7i^<£TbTfiSfiS 
^#i4*^*ifeMb L t its ^ n-S), 
[0 0 6 6] ei±c[)iisgSA^^, mfi£*^*5!BJ<DiSHTa& 
0, bcc-Feffl mm :<)^Wlli-rSia«ffiffl[^ (5 
0 0~6 5 0*C) tC^Jt^T, #i&jiSSr 1 0 K/^i-ai 

10 [0 0 6 7] (3I^««J4) F e88Nb2P r 565)^-5^ 
J5S;©.%?&?^©#^SK^^?^^S:Tn-;i/i&«7 5 OX-X 

Tz. ^tz. FeggP r7B5?5:^iafi£<D^?&^©#^^Ha^ 

^^^^yn-yuisse s ox:x'm9!imvTm^nrzm 
m^un<Dmit<Dmi&^<t^m-<rz. ^<D^m=^m 1 7 

(C^fo 017 1C«, F e88Nb2P r5B5fj:^mBS;® 
?l^tt**!N-i:F e88P r 7B5;^j:SfflfiE(DJgatt#!^oa 
^tOU^mt^^-To mi 7 \Z^-^tlXi^^Jz^i,Z. ia 
«0±#<i:i:t)lCS8{b«27.5^>;;:/TM'>bTV^S. CI 

20 (Dz.ti)^ib. f^m\i^n<Dm<\:izm^-r^m^2^^tE 
vxi^^z-iiA^mitiibn^, 3 1 s'Cf^jfiT^'ft; 

e i4Nd2Bffl©4^3.U-iaST'c5 0. 7 7 0'Cf^JfiT- 
®■^t;cD^^^^>Og■&^i^^^^bLT^i^ t*^ ;i®#jfi 
55^*bc c-Feffi®^^U-iaS-r$>?)^<t>0S5j'-5. 

^5, :izx'4^^B'mmizj^m-r^Mit(D7.y^y:/f}^w.'in 

[0 0 6 8] ^fz. ;rciT#SnfcF e88Nb2P r 5B 

m\imA<Dmi\:mM<DfB2M^^mi siz^-r. mis 
izu-^v tz^m^^■tm^t)m ^ nx v> -a t e. *^t- 

[0 0 6 9] 

mt. Fe, Co. N i <DO%l®&.±<D7imTiz. # 
40 ±m7tm(Dot>(DimKK±i}^^tS.^7iMRt. BtSr^ 

tr-&^*^e.^cco, /•^-s.7>xm^^^2iik±izrsi^mvi 
x'mmvrzt^cDm^t<Dum%Wi(Dmnm*io. 15% 

/K£il,TT-*0, (iHc) dnkOe£i±<D'fo 

L;t«^('?aS^{blceH-r5ttl:^® F'J 7 h$rE»ii:-r 
tA^T^^o i^Tz, :i<Dwm{^^mi. mmmiz^Dm 
itivrzm.m^Fan^(Dh c c - f emcow-i^m^nmf)^ 
M-fbtTtJO, y:7haf±ffi (bcc (#:'L^iL:&^ 

50 ji) -Fe) iA— H^tttS (R2Fei4B) 
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[0 0 7 0] ^it, if%m(Dmm.'&^Mm\t. ^sm-ni k 

:^ 1 k O e J^±<D A- KMttffi t $:^n-€^n 1 0 v o 1 

Mfi^^O. 1 ■ffi^;'j*n kOefii lo 

±©=bOt?Jfe-5©T-, y 7 h^tt+StA-KattfficD-^- 
S/&^6 0 ox:&.±(Dm^mt^=L^j—i&m-f)^6 o o"C£t 
T©attfflt<&^-n^^ni ovo 1 i^m.) %&.±^ts 

ffifflLfci:#03i^^l:«fiS«SO«fi*f{i:f5^0. 15%/ 

[0 0 7 1 ] *^BJ(DMeitS«. Fe. Co, Ni 
kOe|y.±cD=bOT^^®T, mz/l^m<D±>-^ 

[0 0 7 2] Sfc, *»Bj©?l^tt«;^«, «fi8;'3 1 k 
Oe&.T(DVyhmitmtUmi3l kOe£;±©A-H 

m\imt^^n^ni 0 v o 1 mm) %£A±^tj-&^ 

ffia:^©Sffi«ScOTffi5c>fM/0tO. 3 5 %/K 
J^^TTabO, {S^;^*U kOefi^±co^)(DTa&^©Tr, 
77 hmi4ffltA-Hmttfflo«t'r«1<^il#ft&{iA-s::t 

mtt^JWa, ^i'J-SS*^*6 0 0"CeA±©S^ttffii4^ 

rL'j-^&s*^6 0 o'c^Tro^ttfflt^r-tn^'ni o v 
oi (.^m) %&.±^ts^±^^i>t£K). umti(DU&^ 

[0 0 7 3 ] :$i%mizw^^mm\±umiz^i,^x. 
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=b(7)(C*-pTtt, V:7 hattffl<i:A-Kattffl<D 

mmm-^nrzh(D\z$>-DT\t, i&zi7,hx. 

*mn. vt^hi&m<^mmn^mm^^mmmiz'<^ 

[0 0 7 4] ^^m\zm^mmmmizii^^x. mz. 
um^mizii\,^x 1 0Ky'^&.±<D^MmmxmmM-^ 

nxU^h<DlZ$>-oXit. b c c -FeffiCD^^ja^^^ 

c - F effiiR2F e uBmo^^i^f^^n^^Wm^tt 
^Ztti^X^^, Sfc. R2F e i4B*SCi51/>T«, US 
g©#}aa^fe#tttt b c c - F e J; D 

V^d^, b c c -F e4a®^SS;^)^R2F e i4Bifg*«*fTffi 
■r-5t4HttC#S:^fi?;b, R2F e i4B*l75SWil5-r^X'^ 
-X;^^/h^ <;^-3Tli-5®T, R2F e uB^BW^ffi^S 
©:*C^^«R2F ei4BffiCDWait"^jaS®HT(D#ra 

jiS{rj;e.-r. fflffi (bcc-Feffl) (Dmih-r^um 

mmx<D^T&mmiZ^WVXl^^, R2Fei4B 

dtir.tO^iM'fb-r^. ^©^tt-ctf^, bcc-Fe 
ffi O^ffiiS i R 2 F e 14 B <D*g^B^ t op D 5 a* 
*^i«<:^D. V7h^14ffl (bcc ^'b-iL^mit) - 
Fe) tA-h*attffi (R2Fei4B) (D^m^^fi^fr 

ijnw,<u^rzibiz^mm^^m^\^±\^^ mnrzmm 

[0 0 7 5] :ifiBm\z%^mm^mmzi^\,^x. a--5 

T&&W:m.(Dmmm'^ 0 . i o%XK&.yti.rzh(Diz$> 
-:>x\t. mz. u&<^m^mn^. ^rz. ^mmz^^ 

^ m^x-mm vtzt^ (Dm^toum^^o^^nm^ o . 

0 8 %/KJJ^Ti:bfct)©fca&oT«, mz. SSIffi 

tmn^, Mtc, :$immiz%^mmmm\zii^-^x. m. 

%XK£kTthrz^(DiZ$,-oX\i. mz. SSItttd^ffi 

[0 0 7 6] ^mm\z%^mm'&miz^nu. ^mti 

miz^^mmmmizjimt. mivm^t (is) i,zn-r 
^nmmit (i r) (Dm^ (i r/i s) /S^o. 6w± 

( (BH) max) ^^-TJ^mttW^^&ft^ - t 
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O^x, O^y^lS. 3^z^20x 2^w^20Jic 

iif^L<tt8 6^x^9 3, l^y^3, 3^z^7, 
JS^b ( I r ) Tin 0 0 emu/gJ!^;±©f)(DtT^::t 

[0 0 7 7 ] *%aJco®m^4^^ip^^c*oTtt. ffifi£<&T 

xMyRzBwEvtb. fflj5r£Jt<£:^Tx . y. w. v 
\tMFf%-Ti. SO^x, O^y^lS, 3^z^20, 
2^w^2 0. O^v^ 1 0fiSH«i£rjiS-r'5fcroi: 

-5. S;^c> ^;iTroffifiKS;ifi©fflfiglt€:^rx, y, 
z, w, v§rM^%T, 8 0^x^9 3, l^y^5. 
3^z^l0, 3^w^7. 0^v^5. ctD$f*b< 
« 86^x^93. l^y^3. 3^z^7. 3 
5, 0. l^vg5;^^M^<&^£-r^^ttc<i:0« W 

*«-zr#^, *^Hj{c:^:5®att*Ji|sffc*5i.iTtt, S i tc 
SA^Ttc^B^TO. 5~5M^%^Jn^n-5C:i:(CJ; 

[0 2] *^?^<D®JStt*Ji|S^<&i^^^D-^U-X> 

[04] *fgBJ©?iatt***4<&Xlf-;«7ffl<S5J-Jgffl 

[05] Fe76CoioNb2P r7B5;^^ffifig©^« 
^#K*4©3 0 2. 5 K~4 8 9Kt43tt-5Mmft^ 
(^2^K) ^^r^y57Ta5S. 
[06] F eeeC 0 20Nb2P r7B5;^i^ffifig©^^ 
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^^lAfKDS 0 8 K~4 7 1 KC*3ttSM^ft^ (^2 

■ [07] Fe84Nb2P ryBsS i2^*ffifi£<^«^=Sf^ 
^iS^CD3 0 1. 5K~4 7 7 K(I*5tt^MJSa^ 

[0 8 ] mm.m<om^'^'^u.v,u ^mz^^m(om.-a 

[0 9] ^iS«^J©»«^#ISi|s^;^^;LXtcittJ^sj©<^5 

' * ^n^^np = 1 . 5 , p = 1 o~i:T^-?)j^^bcT«effl bfc 

10 t^<7) I r ®fiS^'ft;5r^t'0Ta6-5, 

[010] *^?g©ffifig©iaH(^tcab^:^^A';Pi7 

/ft e)r;^lrSe*CON d - F e - B 5 7 

^ t is g ^ ^ t <D M « ^ -r 0 T- afe S , 

[011] *»igromfi£®i5H[^{c^s^^^^(Dia 
m. (T) i^i^:^ (iHc) topft^^-r^^^^T* 

So 

[012] #iaiS^(D/^^->^i5iB^-rSfc*<D0T 

^ ■So 

20 [013] #jaja^©/'^^-><&§i?g-r«)fci4i<D0T 

[014] m?^ffi(;J:0#?>nfcF e88Nb2Nd5B 

DSC (^M**fl*aiJ^) ftll?&*T0T^S. 
[0 15] Fe88Nb2Nd5B5;^i:Sffifig®BS*4® I 

[016] F e88Nb2Nd5B57iSfflfiS;cDe#4® I 
r, Ir/IsS.Z^i H c OTT2CDfei^tt^^-ri''^ 7 

30 

[017] Fe88Nb2P rsBs^^SfflfigCOS^att** 
s|sf<hFe88P ryBs^^E^MfigcDSatt^ifi^cDa'fbcOiaS 

[018] F e88Nb2P r 5B5?iS*ie£cD®i^tt** 
ipftFe88P ryBsi^E-SffifiEcD^att^^^cDiK'fbtt^O 

[??f^©ittBJ!] 

l---j^5SI5, 2--v^^g|5, 3---^l9^#gl5, 4---R 
SSB. 5---g^gK. 1 0 ••-D-^'«J-X>n-^ffli^ 
40 5, 2 1 •••#-;i/tr-X. 2 2 (3- 
i7) , 2 3, 2 4 •■•me, 2 5^^^D->4^fii(iS, 3 
1, 3 2 •••#-;l'fcf-7., 33^^^m5, 34^^^3- 
3 5 ■••a->4^iffilj«. 3 6^--{S^->-;Uh'*A* 
— « 37-^^#;Uh. 3 8 •■••7>:/ ->-V— . 39^^^-^-.y 

ho 
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